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Mb.  Vice-Chakcellor  and  Gentlemen, 

The  term  Rural  Economy,  which  gives  the  title  to 
the  Professorship  to  which  I  have  been  appointed, 
might  be  held  to  include  such  a  variety  of  topics,  that 
if  I  had  no  other  guide  in  the  selection  of  subjects  to 
bring  before  you,  I  should  be  placed  in  a  position  of 
some  difficulty.  It  would  not  be  inappropriate  to 
treat  of  the  general  management  of  landed  property 
from  the  point  of  view  of  the  Land-owner  or  the 
Land-agent  ;  of  the  practical  details  of  farming, 
mechanical,  economical,  and  commercial,  such  as  are 
essential  to  be  observed  by  the  tenant  or  occupier,  if 
his  business  is  to  be  a  profitable  one ;  or,  lastly, 
attention  might  be  confined  to  the  elucidation  of  the 
scientific  principles  involved  in  successful  practice,  so 
far  as  the  existing  knowledge  of  the  day  permitted. 

Fortunately,  however,  I  have  not  only  the  obvious 
intentions  of  the  Founder  of  this  Chair,  the  late 
Professor  Sibthorp,  and  the  way  in  which  my  Pre- 
decessor, the  late  Professor  Daubeny,  interpreted  and 
performed  the  duties  of  the  office,  to  guide  and  limit 
my  selection  of  subjects  ;  but,  on  the  14th  of  July  last, 
these  duties  were,  under  £he  sanction  of  the  Chancery 
Division  of  the  High  Court  of  Justice,  defined  to  bo 
to  lecture  on  the  Scientific  Princijplea  of  Agriculture. 

It  may  be  not  out  of  place  to  remind  you  that, 
according  to  Dr.  Sibthorp's  will,  the  Sherardian  Pro- 
fessor of  Botany  for  the  time  being  was  to  hold  the 
Professorship  of  Rural  Economy  ;  and  that  hitherto, 
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that  is  until  the  settlement  by  the  Court  of  Chancery 
last  year,  the  appointment  has  been  so  held  ;  and  the 
obligation  was  limited  to  giving  one  Public  Lecture  in 
each  tenn.  The  new  arrangement,  however,  dissociates 
the  Chair  of  Rural  Economy  from  that  of  Botany,  and 
requires  that  twelve  lectures  shall  be  given  annually. 

Thus  my  responsibilities  axe  somewhat  defined,  and 
they  are,  at  the  same  time,  somewhat  limited  : — for, 
how  far  from  a  complete  system  of  instruction  in  all 
that  pertains  to  Rural  Economy  can  be  embodied  in 
a  course  of  twelve  lectures  may  be  judged  by  reference 
to  the  course  of  study  laid  down  in  Institutions 
specially  devoted  to  the  training  of  Students  in 
Agriculture.  Thus,  the  Syllabus  of  one  Agricultural 
College  includes  no  less  than  thirty  distinct  subjects 
of  lecture  or  other  instruction,  and  the  Prospectus  of 
another  enumerates  sixteen  main  departments,  cover- 
ing much  the  same  range  of  subjects  as  the  other ; 
whilst  each  Institution  has  a  numerous  staff  of  Pro- 
fessors or  Teachers.  Again,  in  one  London  College  a 
course  of  forty  lectures  is  annually  given  on  Soils, 
Manures,  Crops,  Live  Stock,  &c. ;  and  in  another  lectures 
and  laboratory  instruction  are  given  on  Soils,  Rota- 
tion, Manures,  Feeding  and  Feeding-stuflfe,  Seeds,  &c. 

It  is  not  then,  I  take  it,  expected  of  me  that  I 
should  undertake  to  impart  that  systematic  instruc- 
tion in  the  various  branches  of  the  art  and  the  science 
of  Agriculture,  which  it  is  desirable  the  student  who 
intends  to  devote  himself  to  the  details  of  practical 
farming,  whether  as  agent  or  occupier,  should  receive. 
I  assume  that  those  studying  at  this  University  will 
for  the  most  part  be  interested  in  land  either  as 
Owners,  or  as  Clergymen  in  rural  districts,  or  it  may 
be  as  Statesmen,  and  that  it  should  be  my  endeavour 
so  to  inculcate  general  principles  as   to   train  the 
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observation,  and  give  a  direction  to  the  reflections,  of 
those  who  hear  me,  and  to  enable,  and  it  may  be  to 
stimulate  them,  to  study  further  for  themselves,  as 
problems  requiring  it  may  come  before  them. 

What  then  is  Agriculture — ^the  scientific  principles 
of  which  we  have  to  investigate  1  Discarding  tiie 
mere  etymological  meaning  of  the  term,  and  giving  it 
the  wider  signification  accorded  to  it  by  long  usage,  it 
is  the  art  by  which  animal  as  well  as  vegetable  pro- 
ducts  are  obtained  firom  the  land. 

Natural  vegetation,  as  in  the  case  of  prairie-lands, 
for  example,  does  indeed  contribute  food  to  the  lower 
animals,  and  through  them  food  and  other  products 
for  the  use  of  man ;  but  the  result  is  attained  with 
little  of  his  aid  which  can  come  under  the  definition 
of  Agriculture. 

But  the  practices  by  which  vegetable  and  animal 
products  are  obtained  from  the  land  in  settled  coun- 
tries differ  essentially  from  those  above  alluded  to, 
and  it  is  these  to  which  our  attention  must  mainly  be 
directed.  Such  Agriculture  implies  the  growth  of 
other  plants  than  would  be  obtained  under  conditions 
of  natural  vegetation,  and  the  growth  of  more  pro- 
duce over  a  given  area  than  would  be  so  obtained. 
It  implies,  in  fact,  what  may  be  called  concentrated 
production. 

Agriculture,  the  oldest  of  the  arts,  was  in  methods 
at  first  purely  mechanical ;  though,  as  we  now  know, 
the  results  to  be  attained  were  largely  chemical. 
When  manure  was  first  applied  to  the  soil,  that  is 
when  the  refuse  of  previous  crops,  or  the  excrements 
of  animals,  were  first  returned  to  the  land  as  a  means 
of  increasing  the  growth  of  succeeding  crops,  directly 
chemical  means — ^the  supply  of  material — were  first 
adopted. 
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Professor  Daubeny,  in  his  lectures  on  Boman 
Agriculture,  quotes  Cato  as  having  said — 

^  If  I  am  asked,  what  is  the  first  point  in  good  hus- 
bandry, I  answer,  good  ploughing  ;  what  the  second^ 
ploughing  of  any  kind  ;  what  the  third,  manuring/ 

We  have  thus  evidence  of  the  relatively  little 
esteem  in  which  manuring  was  held  in  Italy  two 
thousand  years  ago ;  and  in  the  fact  that  so  much 
more  value  was  set  upon  the  mechanical  operations 
we  have  evidence  that  the  resources  of  the  soil  itself 
were  far  from  being  exhausted,  and  only  required 
such  means  to  be  taken  to  render  them  available. 

There  is  nevertheless  evidence  that,  long  before  the 
time  of  Cato,  it  was  sought  to  restore  fertility  to  the 
soil  by  practices  the  eflScacy  of  which  is  still  fully 
recognised ;  though  the  explanation  of  some  of  the 
phenomena  involved  is  still  a  matter  of  controversy. 
Such,  for  example,  was  the  growth  of  various  crops  of 
the  Leguminous  family,  sometimes  to  be  in  great  part 
removed,  but  in  others  to  be  at  once  ploughed  into 
the  land,  by  either  of  which  methods  the  growth  of 
succeeding  crops  was  enhanced.  This  subject  will 
receive  detailed  consideration  fiirther  on. 

But  although  manuring,  in  various  ways,  has  thus 
been  so  long  recognised  as  desirable,  it  is  in  fact  only 
in  quite  recent  times  that  the  rationale  of  such  prac- 
tices could  be  at  all  satisfactorily  explained.  To  this 
end  it  was  obviously  essential  not  only  to  know  the 
composition  of  the  vegetable  products  grown,  but 
something  of  the  sources  of  their  various  constituents 
— whether  these  must  be  derived  fix)m  the  soil,  or 
whether  from  the  atmosphere,  or  from  water  1 

What  then  is  the  composition,  and  what  are  the 
sources  of  the  constituents  of  vegetable  products  ? 

When  a  vegetable  (or  animal)  substance  is  burnt. 
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the  greater  part  of  it  is  dissipated,  but  there  remains 
a  white  ash.  This  ash  is  found  on  analysis  to  contain 
most  or  all  of  the  constituents  enumerated  in  the 
first  column  of  the  following  Table. 

Constituents  of  Plants  and  Animals. 


Incoxbustiblb  OB 

COMBUBTIBLB  OB 

FnicD. 

Volatile. 

Iron. 

Carbon. 

(Manganese). 

Hydrogen. 

Lime. 

Oxygen. 

Magnesia. 

Nitrogen. 

Potash. 

Soda. 

Phosphoric  add. 

N 

Sulphuric  acid. 

Chlorine. 

SiUca. 

Sulphur. 
Phosphorus. 


Barer  substances  than  these  are  also  sometimes 
found.  It  will  be  my  duty,  in  subsequent  lectures, 
to  call  yomr  attention  in  some  detail  to  what  is 
known  as  to  the  occurrence,  and  the  ofiices,  of  the 
various  mineral  or  ash* constituents  in  plants.  It 
will  suffice  here  to  say,  that  the  ash  of  one  and  the 
same  description  of  plant,  growing  on  different  soils, 
may,  so  long  as  it  is  in  the  vegetative  or  immature 
state,  differ  very  much  in  composition.  Again,  the 
ashes  of  different  species,  but  growing  on  the  same 
soil,  will  differ  very  widely  in  the  proportion  of  their 
several  constituents.  But  it  is  found  that  the  nearer 
we  approach  to  the  elaboration  of  the  final  products 
of  the  plant — ^the  seed  for  example — ^the  more  fixed 
is  the  composition  of  the  ash  of  such  products  of  one 
and  the  same  species.    In  other  words,  there  is  very 
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little  variation  in  the  composition  of  the  ash  of  one 
and  the  same  description  of  seed,  or  other  final  pro- 
duct, provided  it  be  evenly  and  perfectly  matured. 
This  fact  alone,  independently  of  what  has  been 
established  of  late  years  in  regard  to  the  office  or  func- 
tion so  to  speak  of  individual  mineral  constituents  of 
plants,  would  be  sufficient  to  indicate  the  essentialness 
of  such  constituents  for  healthy  growth. 

Th.  De  Saussure,  in  his  work  entitled,  *  Recherches 
sur  la  V^g^tation,'  published  in  1 804,  gave  the  re- 
sults of  the  analyses  of  many  plant-ashes,  maintained 
the  essentialness  of  the  ash-constituents,  and  pointed 
out  that  they  must  be  derived  from  the  soiL  He 
also  called  attention  to  the  probability  that  the 
incombustible  constituents  so  derived  by  plants  from 
the  soil  were  the  source  of  those  found  in  the 
animals  which  fed  upon  them. 

Yet  such  was  the  prevailing  uncertainty  on  the 
point,  that  Sir  Humphrey  Davy,  in  his  lectures 
delivered  net  long  afterwards,  deemed  it  not  inap- 
propriate to  combat  the^  idea  that  the  earths  found 
in  plants  had  been  formed  from  any  of  the  elopients 
existing  in  the  air;  or  in  water.  After  quoting  the 
results  of  an  i  experiment  of  his  own,  in  which  he 
attempted  to  grow  oats  without  any  supply  of  silica^ 
beyond  that  contained  in  the  seed  sown,  and  referring 
to  the  experiments  of  De.  Saussure,  he  says  : — 

*As  the  evidence  on  the  subject  now  stands,  it 
seems  fair  to  conclude,  that  the  diiierent  earths  and 
saline  substances  found  in  the  organs  of  plants  are 
supplied  by  the  soils  in  which  they  grow ;  and  in  no 
cases  composed  by  new  arrangements  of  the  elements 
in  air  or  water.' 

It  is  no  longer  doubted  that  the  mineral  or  ash- 
constituents  of  plants  must  be  provided  within  the 
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soil,  either  from  its  own  natural  resources,  or  by 
means  of  manure.  It  will  be  seen,  however,  from 
the  facts  just  stated,  how  very  recently  fixed  ideas 
on  the  subject  have  been  arrived  at. 

Then,  as  to  the  combustible  or  volatile  constituents 
which  are  expelled  in  the  incineration — the  carbon, 
the  hydrogen,  the  oxygen,  and  the  nitrogen.  From 
what  we  now  know  of  the  sources  of  these  con- 
stituents of  plants,  it  is  obvious  that  a  knowledge  of 
the  composition  of  the  atmosphere  and  of  water  was 
essential  to  any  true  conception  of  the  main  features 
of  the*  vegetative  process,  and  it  was  only  towards 
the  end  of  the  last  century  that  the  composition  of 
the  air,  and  of  water,  and  their  mutual  relations  with 
vegetation,  were  first  pointed  out. 

I  shall  have  to  go  into  these  matters  in  some 
detail  in  subsequent  lectures,  but  I  would  here 
observe  that  it  is  to  the  collective  labours  of  Black, 
Scheele,  Priestley,  Lavoisier,  Cavendish,  and  Watt, 
that  we  owe  the  knowledge  that  common  air  consists 
of  nitrogen  and  of  oxygen,  with  a  little  carbonic  acid ; 
that  carbonic  acid  itself  is  composed  of  carbon  and 
of  oxygen ;  and  that  water  is  composed  of  hydrogen 
and  oxygen ;  whilst  Priestley  and  Ingenhousz,  Sen- 
nebier  and  Woodhouse,  investigated  the  mutual  re- 
lations of  these  bodies  and  vegetable  growth. 

Thus,  Priestley  observed  that  plants  possessed  the 
faculty  of  purifying  air  vitiated  by  combustion,  or 
by  the  respiration  of  animals;  and  he  having  dis- 
covered oxygen,  it  was  found  that  the  bubbles  which 
Bonnet  had  shown  to  be  emitted  from  the  surface  of 
leaves  inmiersed  in  water  consisted  chiefly  of  that 
gaa  Ingenhousz  demonstrated  that  the  action  of 
light  was  essential  to  the  development  of  these 
phenomena,  and  Sennebier  proved  that  the  oxygen 
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evolved    resulted   from   the    decomposition    of  the 
carbonic  acid  taken  up. 

So  far,  attention  had  been  more  prominently 
directed  to  the  influence  of  plants  u|K)n  the  media 
with  which  they  were  surrounded,  than  to  that  of 
those  media  in  contributing  to  the  increased  sub- 
stance of  the  plants  themselves. 

It  was,  too,  towards  the  end  of  the  last  century, 
and  in  the  beginning  of  the  present  one,  that  De 
Saussure  followed  up  these  enqtdries;  and,  in  his 
work  already  alluded  to,  he  may  be  said  to  have 
indicated,  if  not  indeed  established,  some  of  the  most 
important  facts  with  which  we  are  yet  acquainted 
regarding  the  sources  of  the  constituents  of  the 
growing  plant.  He  illustrated  experimentally,  and 
even  to  a  certain  extent  quantitatively,  the  fact  that 
in  sun-light  plants  increase  in  carbon,  hydrogen,  and 
oxygen,  at  the  expense  of  carbonic  acid  and  of 
water ;  and  in  his  main  experiment  on  the  point  he 
found  the  increase  in  carbon,  and  in  the  elements  of 
water,  was  very  closely  in  the  proportion  in  which 
they  are  known  to  exist  in  the  chief  non-nitrogenous 
constituents  of  plants,  the  carbohydrates — starch, 
gum,  sugar,  cellulose,  etc. 

With  regard  to  the  nitrogen  which  plants  had 
already  been  shown  to  contain,  Priestley  and  Ingen- 
housz  thought  their  experiments  indicated  that  they 
absorbed  free  nitrogen  from  the  atmosphere;  but 
Sennebier  and  Woodhouse  arrived  at  an  opposite 
conclusion.  De  Saussure,  again,  thought  that  his 
experiments  showed  rather  an  evolution  of  nitrogen 
at  the  expense  of  the  substance  of  the  plant  than 
any  assimilation  of  it  from  gaseous  media.  He 
further  concluded  that  the  source  of  the  nitrogen  of 
plants  was  more  probably  the  nitrogenous  compounds 
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within  the  soil^  and  the  small  amount  of  ammonia 
which  he  demonstrated  to  exist  in  the  atmosphere. 

Upon  the  whole,  De  Saussure  concluded  that  air 
and  water  coiftributed  a  much  larger  proportion  of 
the  dry  substance  of  plants  than  did  the  soils  in 
which  they  grew.  In  bis  view  a  fertile  soil  was  one 
which  yielded  liberally  to  the  plant  nitrogenous 
compounds,  and  the  incombustible  or  mineral  con- 
stituents ;  whilst  the  carbon,  hydrogen,  and  oxygen, 
of  which  the  greater  proportion  of  the  dry  substance 
of  the  plant  was  made  up,  were  at  least  mainly 
derived  from  the  air  and  water. 

From  what  has  been  stated,  it  will  be  seen  that 
anything  like  a  consistent  scientific  explanation  of 
vegetable  and  animal  production  was  impossible 
until  comparatively  very  recent  times.  In  fact  it  is 
clear  that  agricultural  chemistry  properly  so  called 
is  not  a  century  old ;  whilst,  without  a  knowledge  of 
it,  the  scientific  principles  of  agriculture  could  not  be 
taught. 

What  then  is  agricultural  chemistry?  It  is  the 
chemistry  of  the  soil,  the  chemistry  of  the  atmo- 
sphere, the  chemistry  of  vegetation,  and  the  chemistry 
of  animal  life  and  growth,  in  their  bearings  on 
agricultural  production. 

Obviously  vegetable  and  animal  physiology  are 
essential  elements  in  the  explanation  of  many  of  the 
phenomena  of  agricultural  production ;  but  for  any- 
tWng  more  than  necessary  passing  reference  to  these 
branches  of  science  you  must  look  to  the  distin- 
guished Professors  of  Physiology  and  Botany  now 
attached  to  this  University. 

To  Sir  Hmnphrey  Davy  we  owe  the  first  sys- 
tematic attempt  to  apply  scientific  principles  to  the 
elucidation  and  improvement  of  agricultural  practice. 
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Each  year,  for  ten  successive  years,  from  1802  to 

1812,  he  deUvered  a  course  of  lectures  which,  in 

181 3,  were  published  in  a  work  entitled,  'Elements 
of  Agricultural  Chemistry,^  which  he  finally  revised 
for  the  fourth  edition  in  1827,  but  which  has  gone 
through  several  editions  since. 

In  those  lectures  Sir  Humphrey  Davy  passed  in 
review  and  correlated  the  then  existing  knowledge, 
both  practical  and  scientific,  bearing  upon  agriculture. 
He  treated  of  the  influences  of  heat  and  light ;  of  the 
organisation  of  plants ;  of  the  diflFerence,  and  the 
change,  in  the  chemical  composition  of  their  different 
parts ;  of  the  sources,  composition,  and  treatment  of 
soils ;  of  the  composition  of  the  atmosphere,  and  its 
influence  on  vegetation  ;  of  the  composition  and  the 
action  of  manures ;  of  fermentation  and  putrefaction ; 
and,  finally,  of  the  principles  involved  in  various 
recognised  agricultural  practices. 

Concurrently  with  the  delivery  and  the  publication 
of  Davy^s  Lectures  in  England,  the  most  prominent 
writer  on  the  scientific  principles  of  agriculture  on 
the  continent  was  Thaer.  In  18 10  he  published  a 
work  entitled  *Principes  Raisonn^s  d' Agriculture,' 
and  for  some  years  afterwards  contributed  papers  on 
some  special  points.  He  considered  that  the  fertility 
of  the  soil  depended  on  the  amount  and  character 
of  the  humus  it  contained ;  it  being,  in  his  view,  the 
only  substance,  excepting  water,  that  yielded  aliment 
to  plants.  He  pointed  out  that  it  was  the  residue 
of  previous  vegetation,  containing  carbon,  hydrogen, 
oxygen,  and  nitrogen,  associated  with  phosphorus, 
sulphur,  and  some  salts.  He  quotes  De  Saussure 
.as  having  shown  that  humus  contains  a  lower  per- 
centage of  oxygen  and  higher  percentages  of  carbon 
and  nitrogen  than  the  plants  from  which  it  has  been 
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produced.  He  states  that  its  composition  varies 
acoording  to  the  access  of  oxygen  and  water ;  that 
it  absorbs  oxygen,  and  gives  out  carbonic  acid,  which 
supplies  nourishment  to  plants ;  also,  that  it  yields 
soluble  extractive  matter  again  and  again  by  time 
and  exposure.  He  further  states  that  the  more  the 
decomposition  has  proceeded,  the  more  refractory,  and 
the  less  active  and  useful  for  vegetation,  is  the  residue. 

With  the  exception  of  the  discourses  of  Sir 
Humphrey  Davy,  and  the  writings  of  Thaer,  the 
subject  seems  to  have  received  comparatively  little 
attention,  nor  was  any  other  addition  of  importance 
made  to  our  knowledge  in  regard  to  it,  during  a 
period  of  more  than  twenty  years,  from  the  date  of 
the  appearance  of  De  Saussure^s  work  in  1 804. 

From  about  1825  to  1840,  Dr.  Carl  Sprengel,  for* 
merly  Professor  of  Agriculture  at  Brunswick,  pub- 
lished a  series  of  about  thirty  papers  in  connection 
with  agriculture,  and  agricultural  chemistry.  These 
memoirs  covered  a  wide  range  of  subjects,  and  re- 
corded the  results  of  numerous  investigations  by  the 
author  himself.  Among  them  may  be  mentioned  in- 
vestigations on  humus,  humic  acid,  and  humates  ;  on 
the  constituents  of  some  surface  soils  and  subsoils ; 
on  the  composition  of  various  kinds  of  straw,  and 
their  value  as  food  and  litter;  on  the  amount  of 
potash  in  granites,  and  other  rocks ;  on  the  ash- 
constituents  of  cereal  grains,  &c.  Lastly,  he  published 
a  general  treatise  on  manures,  including  a  chapter  on 
animal  manures,  in  which  be  gives  the  results  of  the 
analysis  of  the  solid  and  liquid  excretions  of  the 
various  animals  of  the  farm,  and,  among  other  points, 
insists  upon  the  value  as  manure  of  the  ammonia 
yielded  by  such  materials. 

Professor  Schiibler,  of  Tubingen,  also  published 
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a  Work  entitled,  *Gruiidsatze  der  Agricultur-Chemie/ 
a  second  and  revised  edition  of  which  was  brought 
out  in  1838,  by  Professor  Krutzsch,  of  Tharand.  In 
this  Work  the  physical  and  chemical  properties  of 
soils  are  discussed  in  much  detail ;  and  the  results  of 
numerous  investigations  on  the  subject  by  the  author 
himself  are  given. 

Boussingault,  who  had  previously  published  nu- 
merous papers,  chiefly  on  chemical  subjects,  about 
1834  became,  by  marriage,  joint  proprietor  with  his 
brother-in-law  of  the  estate  of  Bechelbronn,  in  Alsace* 
His  brother-in-law,  M.  Lebel,  was  both  a  chemical 
manufexjturer  and  an  intelligent  practical  former, 
accustomed  to  use  the  balance  for  the  weighing  of 
manure,  crops,  and  cattle.  Boussingault  at  once 
applied  himself  to  Chemico- Agricultural  research  ; 
and  it  was  under  these  conditions  of  the  association 
of  *  Practice  with  Science '  that  the  first  laboratory 
on  a  farm  was  established. 

From  this  time  forward,  Boussingault  generally 
spent  about  half  the  year  in  Paris,  and  the  other 
half  in  Alsace ;  and  he  has  continued  his  scientific 
labours^  sometimes  in  the  city  and  sometimes  in  the 
country,  up  to  the  present  time.  I  may  here  men^ 
tion  that  I  had  the  pleasure  of  seeing  him  well, 
and  still  actively  interested  in  problems  of  agricul- 
tural science,  at  his  Chateau  in  Alsace  in  the  autunm 

cultural  chemistry  was  made  in  1836,  when  he 
published  a  paper  on  the  amount  of  nitrogen  in 
different  foods,  and  on  the  equivalence  of  the  foods, 
founded  on  the  amounts  of  nitrogen  they  contained ; 
and  he  compared  the  results  so  arrived  at  with  the 
estimates  of  others  founded  on  actual  experience. 
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Although  his  conclusions  on  the  subject  have  doubt- 
less undergone  modification  since  that  time,  the  work 
itself  marked  a  great  advance  on  previously  existing 
knowledge  and  modes  of  viewing  the  question. 

In  1837  Boussingault  published  papers  on  the 
amount  of  gluten  in  different  kinds  of  wheat ;  on 
the  influence  of  the  clearing  of  forests  on  the  diminu- 
tion of  the  flow  of  rivers ;  and  on  the  meteorological 
influences  affecting  the  culture  of  the  vine.  In  1838 
he  published  the  results  of  an  elaborate  research  on 
the  principles  underlying  the  value  of  a  rotation  of 
crops.  He  determined  by  analysis  the  composition, 
organic  and  inorganic,  of  both  the  manures  applied 
to  the  land,  and  the  crops  harvested.  In  his  treat- 
ment of  the  subject  he  evinced  a  dear  perception 
of  the  most  important  problems  involved  in  such 
an  enquiry ;  some  of  which,  with  the  united  labours 
of  himself  and  many  other  workers,  have  scarcely  yet 
received  an  undisputed  solution. 

Thus,  in  the  same  year  (1838),  he  published  the 
results  of  an  investigation  on  the  question  whether 
plants  assimilate  the  free  or  uncombined  nitrogen 
of  the  atmosphere;  and  although  the  analytical 
methods  of  the  day  were  inadequate  to  the  decisive 
settlement  of  the  point,  his  conclusions  were  in  the 
main  those  which  much  subsequent  work  of  his  own, 
and  much  of  others  also,  have  served  to  confirm. 

In  subsequent  lectures  I  shall  have  to  refer  in 
some  detail  to  the  various  investigations  here 
alluded  to. 

As  a  fiirther  element  of  the  question  of  the  chemical 
statistics  of  rotation,  Boussingault  determined  the 
amount  and  composition  of  the  residues  of  various 
crops ;  also  the  amount  of  constituents  consumed  in 
the  food  of  a  cow,  and  of  a  horse,  respectively,  and 
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yielded  in  the  milk  and  excretions  of  the  cow,  and 
in  the  excretions  of  the  horse.  Here,  again,  the 
exigencies  of  the  investigation  he  undertook  were 
beyond  the  reach  of  the  known  chemical  methods 
of  the  time.  Indeed,  rude  as  the  art  of  agriculture 
is  generally  considered  to  be,  the  scientific  elucida- 
tion of  its  practices  requires  the  ^most  refined  and 
very  varied  methods  of  research ;  and  a  characteristic 
of  the  work,  not  only  of  Boussingault,  but  of  most 
agricultural  investigators,  may  be  said  to  be,  that 
they  have  frequently  had  to  devise  methods  suitable 
to  their  purpose,  before  they  could  grapple  with  the 
problems  before  them. 

In  1839,  chiefly  in  recognition  of  his  important 
contributions  to  agricultural  chemistry,  Boussingault 
was  elected  a  member  of  the  Institute  of  France ; 
and  in  1878,  thirty-nine  years  later,  the  Council  of 
the  Boyal  Society  awarded  to  him  the  Copley  Medal, 
the  highest  honour  at  their  disposal,  for  his  numerous 
and  various  contributions  to  science,  but  especially 
for  those  relating  to  agriculture. 

The  foregoing  brief  historical  sketch  is  sufficient 
to  indicate,  though  but  in  broad  outline,  the  range 
of  existing  knowledge  on  the  subject  of  agricultural 
chemistry  prior  to  the  appearance  of  Liebig  s  me- 
morable work,  *  Organic  Chemistry  in  its  applications 
to  Agriculture  and  Physiology,'  the  first  edition  of 
which  was  published  in  1 840. 

It  will  be  seen  that  some  very  important,  and  indeed 
fundamental,  facts  had  already  been  established  in 
regard  to  vegetation ;  first  by  the  numerous  investi- 
gations made  about  half  a  century  previously,  by  which 
the  composition  of  the  atmosphere,  and  of  water,  and 
the  mutual  relations  of  these  and  vegetable  growth. 


OF   AGRICULTURE.  15 

had  been  determined ;  next  by  the  labours  of  De 
Sanssure,  to  which  we  owe  a  near  approach  to  a  quan- 
titative representation  of  the  phenomena  of  vege- 
tation, which  had  thus  far  only  been  qualitatively 
observed.  To  De  Saussure  we  also  owe  a  clear  per- 
ception of  the  importance,  and  of  the  sources,  of  both 
the  nitrogen,  and  the  ash-constituents,  of  plants.  Then 
followed  Davy,  with  the  first  attempt  to  give  a  sys- 
tematic view  of  the  relations  of  practice  with  science 
in  agriculture;  Thaer,  who  traced  the  fertility  of 
soils  to  the  residue  of  previous  vegetation  which  they 
contained ;  Sprengel,  who  contributed  much  experi- 
mental result  on  various  branches  of  the  subject ;  and 
lastly  Boussingault,  who  had  not  only  still  further 
extended  experimental  enquiry,  but  brought  both 
his  own  and  previous  results  to  bear  upon  the  eluci- 
dation of  long-recognised  agricultural  practices. 

There  can  be  no  doubt  that  the  data  supplied  by 
the  researches  which  have  been  referred  to,  and  espe- 
cially those  of  De  Saussure,  Davy,  Thaer,  Sprengel, 
and  Boussingault,  contributed  important  elements  to 
the  basis  of  established  facts  upon  which  Liebig 
founded  his  brilliant  generalisations.  Indeed,  so  ob- 
vious was  this,  that,  in  1841,  Dumas  and  Boussingault 
published,  jointly,  an  essay  which  afterwards  appeared 
in  English  under  the  title  of  'The  Chemical  and 
Physiological  Balance  of  Organic  Nature/  which  was, 
in  &ct,  a  sort  of '  reclamation/ 

Nor  can  there  be  any  doubt  that  the  appearance 
of  Liebig's  two  works,  *  Organic  Chemistry  in  its 
applications  to  Agriculture  and  Physiology'  in  1840, 
and  '  Animal  Chemistry,  or  Organic  Chemistry  in  its 
applications  to  Physiology  and  Pathology'  in  1842, 
constituted  a  very  marked  epoch  in  the  history  of 
the  progress   of  Agricultural   Chemistry.     In   the 
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treatment  of  his  subject  he  not  only  called  to  his  aid 
the  previously  existing  knowledge  directly  bearing 
upon  it,  but  he  also  turned  to  good  account  the  more 
recent  triumphs  of  organic  cheraistiy,  many  of  which 
had  been  won  in  his  own  laboratory.  Further,  a 
marked  feature  of  his  expositions  was  the  adoption  of 
the  quantitative  method  of  illustration,  and  argument. 
But,  notwithstanding  the  evidence  afforded  by  the 
direct  experiments  of  De  Saussure  and  his  prede- 
cessors, Vegetable  Physiologists,  and  some  others,  con- 
tinued to  hold  the  view  that  the  humus  of  the  soil 
was  the  source  of  the  carbon  of  vegetation.  Liebig 
gave  full  weight  to  the  evidence  of  the  experiments 
of  De  Saussure  and  others ;  he  illustrated  the  pos- 
sible or  probable  transformations  within  the  plant 
by  facts  already  established  in  organic  chemistry; 
and  he  demonstrated  the  impossibiUty  of  the  humus 
of  the  soil  supplying  the  amount  of  carbon  assimi- 
lated over  a  given  area.  He  pointed  out,  that 
humus  itself  was  the  product  of  previous  vegetable 
growth ;  that  it  could  not  therefore  be  an  original 
source  of  the  carbon ;  and  that,  from  the  degree  of 
its  insolubility,  either  in  pure  water  or  in  water  con- 
taining alkaline  or  earthy  bases,  only  a  small  portion 
of  the  carbon  assimilated  by  plants  could  be  derived 
from  the  amount  of  humus  that  could  possibly  enter 
the  plant  in  solution.  He  maintained  that,  so  far  as 
humus  was  beneficial  to  vegetation  at  all,  it  was 
only  by  its  oxidation,  and  a  consequent  supply  of 
carbonic  acid  within  the  soil ;  a  source  which  he 
considered  only  of  importance  in  the  early  stages 
of  the  life  of  a  plant,  and  before  it  had  developed, 
and  exposed  to  the  atmosphere,  a  sufficient  amount 
of  green  surface  to  render  it  independent  of  soil- 
supplies  of  carbonic  acid. 
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In  subsequent  lectures,  evidence  will  be  adduced 
showing  that  Liebig  was  certainly  right,  in  concluding 
that  humus  is  not  an  adequate  source  of  the  carbon 
of  our  crops.  It  will  be  seen  that,  to  some  of  them  at 
any  rate,  it  is  at  most  only  a  very  limited  source,  if 
indeed  it  is  to  them  a  source  at  all.  It  will,  on  the 
other  hand,  be  shown  that  the  organic  residue  of  pre- 
vious vegetation  accumulated  in  the  soil  is,  to  say  the 
least,  a  very  material  source  of  the  nitrogen  of  our  crops. 

Thus,  though  mistaken  as  to  the  explanation  of 
the  fertility  of  soils  rich  in  humus,  Thaer  and 
others  were,  after  all,  not  far  from  the  truth  when 
they  maintained  that  the  richness  of  a  soil  in  such 
matter  in  a  condition  readily  susceptible  to  oxidation, 
was,  in  a  great  degree,  the  measure  of  its  fertility. 

With  regard  to  the  hydrogen  of  plants,  at  any 
rate  that  portion  of  it  contained  in  their  non- 
nitrogenous  products,  Liebig  maintained  that  its 
source  must  be  water;  and  that  the  source  of  the 
oxygen  was  either  that  contained  in  carbonic  acid,  or 
that  in  water. 

With  regard  to  the  nitrogen  of  vegetation,  both 
from  the  known  characters  of  free  nitrogen,  and  as 
he  considered  a  legitimate  deduction  from  direct 
experiments,  Liebig  argued  that  plants  did  not 
assimilate  uncombined  nitrogen,  either  from  the 
atmosphere,  or  dissolved  in  water  and  so  absorbed  by 
the  roots.  The  source  of  the  nitrogen  of  vegetation 
was,  he  maintained,  ammonia ;  the  product  of  the 
putrefaction  of  one  generation  of  plants  and  animals 
affording  a  supply  for  its  successor&  He  pointed 
out  that,  in  the  case  of  a  farm  receiving  nothing 
from  external  sources,  and  selling  off  certain  products, 
the  amount  of  nitrogen  in  the  manure  produced  by 
the  consumption  of  some  of  the  vegetable  produce  on 
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the  farm  itself,  together  with  that  due  to  the  refuse 
of  the  crops,  must  always  be  less  than  was  contained 
in  the  crops  grown.  He  concluded  that,  although 
the  quantity  returned  to  the  land  as  manure  was 
important,  a  main  source  of  the  nitrogen  assimilated 
over  a  given  area  was  the  ammonia  brought  down 
from  the  atmosphere  in  rain. 

There  can  be  no  doubt  that,  owing  to  the  limited 
and  defective  experimental  evidence  then  at  command 
on  the  point,  Liebig  at  that  time  (as  he  did  afterwards) 
greatly  over-estimated  the  amount  of  combined  ni- 
trogen available  to  vegetation  from  that  source. 

In  Boussingaults  *  reclamation  *  already  referred 
to,  he  gave  much  more  prominence  to  the  importance 
of  the  nitrogen  of  manures.  In  Liebig  s  next  edition 
(in  1843)  ^®  combated  the  notion  of  the  relative 
importance  of  the  nitrogen  of  manures.  He  main- 
tained, in  opposition  to  the  view  put  forward  in  his 
former  edition,  that  the  atmosphere  afforded  a 
sujBScient  supply  of  combined  nitrogen  not  only  for 
natural  vegetation,  but  for  cultivated  plants;  that 
this  supply  was  sufficient  for  the  cereals  as  well  as 
for  leguminous  plants  ;  that  it  was  not  necessary  to 
supply  nitrogen  for  the  former ;  and  he  insisted  very 
much  more  strongly  than  formerly,  on  the  relative 
importance  of  the  supply  of  the  incombustible,  or, 
as  he  designated  them,  the  ^inorganic'  or  ^mineral/ 
constituents. 

Many  determinations  of  the  amount  of  combined 
nitrogen  brought  down  in  rain  have  been  made,  in 
different  countries,  since  the  date  here  referred  to ; 
and  in  a  subsequent  lecture  it  will  be  shown  that 
the  amount  so  available  to  the  vegetation  of  a  given 
area  is  very  much  less  than  was  assumed  by  Liebig, 
or  has  generally  been  supposed. 
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As  to  the  incombustible,  or,  as  he  designated  them, 
the  ^mineral*  constituents,  Liebig  adduced  many 
illustrations  in  proof  of  their  essentialness.  He 
called  attention  to  the  variation  in  the  composition 
of  the  ash  of  plants  grown  on  different  soils  ;  and  he 
assumed  a  greater  degree  of  mutual  replaceability  of 
one  base  by  another,  or  of  one  acid  by  another,  than 
could  now  be  admitted.  He  traced  the  difference  in 
the  mineral  composition  of  different  soils  to  that  of 
the  rocks  which  had  been  their  source ;  and  he  seems 
to  have  been  led  by  the  consideration  of  the  gradual 
action  of  '  weathering^  in  rendering  available  the 
otherwise  locked-up  stores,  to  attribute  the  benefits 
of  fallow  exclusively  to  the  increased  supply  of  the 
incombustible  or  mineral  constituents  which  would, 
by  its  agency,  be  brought  into  a  condition  in  which 
they  could  be  taken  up  by  plants. 

It  will  be  seen  further  on,  how  very  materially 
subsequently  acquired  experimental  evidence  has 
tended  to  modify  our  views  as  to  the  explanation  of 
the  benefits  of  fallow. 

The  benefits  of  an  alternation  of  crops,  Liebig 
considered  to  be  in  part  explained  by  the  influence 
of  the  excreted  matters  from  one  description  of  crop 
upon  the  growth  of  another.  He  did  not  attach 
weight  to  the  assumption  that  such  matters  would 
be  directly  injurious  to  the  same  description  of  crop ; 
but  he  supposed  rather  that  the  matters  excreted  by  a 
plant  were  those  which  it  did  not  need,  and  that  they 
would  therefore  be  of  no  avail  to  the  same  description 
of  plant,  but  would  be  of  use  to  others.  He,  how- 
ever, attributed  much  of  the  benefits  of  a  rotation,  to 
differept  mineral  constituents  being  required  from 
the  soil  by  the  different  crops. 

Since  the  enunciation  of  these  views,  very  much 

c  1 
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direct  experimentaL  evidence  bearing  upon  the 
rationale  of  rotation  has  been  acquired,  and  it 
will  be  my  duty  to  lay  it  before  you  in  some 
detail. 

Treating  of  manurey  Liebig  laid  the  greatest  stress 
on  the  return  by  it  of  the  potass  and  the  phosphates 
removed  by  the  crops.  But,  in  his  first  edition,  he 
alflo  insisted  on  the  importance  of  the  nitrogen, 
especially  that  in  the  liquid  excretions  of  anjmals, 
and  condemned  the  methods  of  treatment  of  animal 
manures  by  which  the  ammonia  was  allowed  to  be 
lost  by  evaporation.  It  is  curious,  and  significant, 
however,  that  some  of  the  passages  in  that  edition, 
in  which  he  the  most  forcibly  urges  the  value  of  the 
nitrogen  of  animal  manures,  are  omitted  in  the  third 
and  fourth  editions. 

In  his  second  work,  that  on  Animal  Chemistry, 
published  in  1842,  Liebig  discussed  two  subjects  of 
much  interest  and  practical  importance  to  the  agri- 
cultuiist : — namely,  the  sources  in  the  food  of  the  fat 
stored  up  in  the  animal  body,  and  the  characteristic 
food  requirements  of  the  animal  organism  induced  by 
the  exercise  of  force. 

To  render  the  points  here  at  issue  intelligible,  it  is 
necessary  to  remind  you  that  the  constituents  of 
food,  both  vegetable  and  animal,  may  broadly  be 
classed  into  those  containing  nitrogen,  and  those  not 
containing  it — in  other  words,  into  the  nitrogenous, 
and  the  non-nitrogenous  constituents. 

From  the  nitrogenous  constituents  of  the  food,  the 
nitrogenous  constituents  of  the  animal  body — ^the 
membranes  and  cellular  tissue,  the  nerves  and  brain, 
cartilage,  and  the  organic  part  of  bones — must  be 
derived.  It  is  admitted  that  by  oxidation  and 
transformation  within  the  bodv,  some  of  these  nitro- 
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genous  matters  may  yield  fat,  with  other  products, 
such  as  urea  which  passes  off  by  the  urine,  and 
carbonic  acid  which  passes  off  by  respiration. 

The  non-nitrogenous  constituents  of  the  food  on 
the  other  hand — ^the  fatty  matters,  and  the  so-called 
carbohydrates — starch,  sugar,  cellulose,  &c.,  are  sup- 
posed to  be  the  chief  sources  of  the  carbonic  acid 
respired,  and  hence  have  sometimes  been  classed  as 
the  respiratory  constituents  of  food. 

The  questions  arise — Is  the  non-nitrogenous  sub- 
stance /(arf,  which  is  stored  up  in  the  feeding  of  the 
herbivora,  derived  chiefly  from  the  nitrogenous 
matters  of  the  organs,  or  in  the  circulation,  or  from 
the  non-nitrogenous  matters  of  the  food,  the  carbo- 
hydrates ?  Then,  again,  in  the  exercise  of  force,-  is 
the  increased  amount  of  the  products  of  oxidation 
eliminated  from  the  body  chiefly  due  to  an  increased 
transformation  of  the  nitrogenous  substance  of  the 
tissues  and  fluids,  or  of  the  non-nitrogenous  con- 
stituents— the  fat  of  the  body,  or  of  the  food,  and 
the  carbohydrates  ? 

In  reference  to  the  sources  of  the  fat  of  the  animal 
body,  Liebig  maintained  that  the  vegetable  food 
consumed  by  herbivora  did  not  contain  anything 
like  the  amount  of  fat  which  they  stored  up  in 
their  bodies ;  and  he  showed  how  nearly  the  com- 
position of  fat  was  obtained  by  the  simple  elimina- 
tion of  so  much  oxygen,  or  of  oxygen  and  a  little 
carbonic  acid,  from  the  various  carbohydrates  of  the 
vegetable  food — starch,  sugar,  &c.  Much  less  oxygen 
would  be  required  to  be  eliminated  from  the  nitro- 
genous constituents,  such  as  fibrine,  &c.,  than  from 
a  quantity  of  carbohydrate  containing  an  equal 
amoimt  of  carbon.  The  formation  of  fatty  matter 
in  plants  was  of  the  same  kind  ;  it  was  the  result  of 
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a  secondary  action,  starch  being  first  formed  from 
carbonic  acid  and  water. 

Referring  to  the  exercise  of  force,  he  argued  that 
the  animal  secretions  must  contain  the  products  of 
the  metamorphosis  of  the  tissues ;  he  concluded  that 
a  starving  man,  with  severe  exertion,  would  secrete 
more  urea  than  the  most  highly  fed  individual  in  a 
state  of  rest;  and  he  combated  the  idea  that  the 
nitrogen  of  the  food  can  pass  into  urea  without 
having  previously  become  part  of  an  organised  tissue. 
He  said : — 

*As  an  immediate  effect  of  the  manifestation  of 
mechanical  force,  we  see  that  a  part  of  the  muscular 
substance  loses  its  vital  properties,  its  character  of 
life ;  that  this  portion  separates  from  the  living  part, 
and  loses  its  capacity  of  growth  and  its  power  of 
resistance.  We  find  that  this  change  of  properties 
is  a<x5ompanied  by  the  entrance  of  a  foreign  body 
(oxygen)  into  the  composition  of  the  muscular  fibre 
*  *  *  ;  and  all  experience  proves,  that  this  conversion 
of  living  muscular  fibre  into  compounds  destitute  of 
vitaUty  is  accelerated  or  retarded  according  to  the 
amount  of  force  employed  to  produce  motion.  Nay, 
it  may  safely  be  affirmed,  that  they  are  mutually 
proportional ;  that  a  rapid  transformation  of  muscular 
fibre,  or,  as  it  may  be  called,  a  rapid  change  of  matter, 
determines  a  greater  amount  of  mechanical  force; 
and  conversely,  that  a  greater  amount  of  mechanical 
motion  (of  mechanical  force  expended  in  motion)  de- 
termines a  more  rapid  change  of  matter.' 

Again : — 

'The  change  of  matter,  the  manifestation  of 
laechanical  force,  and  the  absorption  of  oxygen,  are, 
in  the  animal  body,  so  closely  connected  with  each 
other,  that  we  may  consider  the  amount  of  motion, 
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and  the  quantity  of  living  tissue  transformed,  as 
proportional  to  the  quantity  of  oxygen  inspired  and 
consumed  in  a  given  time  by  the  animal.' 
And  again : — 

*  The  production  of  heat  and  the  change  of  matter 
are  closely  related  to  each  other ;  but  although  heat 
can  be  produced  in  the  body  without  any  change  of 
matter  in  living  tissuesi  yet  the  change  of  matter 
cannot  be  supposed  to  take  place  without  the  co- 
operation of  oxygen/ 

Further,  on  the  same  point : — 

VThe  sum  offeree  available  for  mechanical  purposes 
must  be  equal  to  the  sum  of  the  vital  forces  of  all 
tissues  adapted  to  the  change  of  matter/ 

'  I^  in  equal  times,  unequal  quantities  of  oxygen  are 
consumed,  the  result  is  obvious,  in  an  unequal  amount 
of  heat  liberated,  and  of  mechanical  force/ 

'When  unequal  amounts  of  mechanical  force  are 
expended  this  determines  the  absorption  of  corres- 
ponding and  unequal  quantities  of  oxygen/ 

Then,  more  definitely  still,  referring  to  the  changes 
which  take  place  coincidently  with  the  exercise  of 
force,  and  to  the  demands  of  the  system  for  repair 
accordingly,  he  says  :— 

^  The  amount  of  azotised  food  necessary  to  restore 
the  eqtdlibrium  between  waste  and  supply  is  directly 
proportional  to  the  amount  of  tissues  metamorphosed/ 

*  The  amount  of  Kving  matter,  which  in  the  body 
loses  the  condition  of  life,  is,  in  equal  temperatures, 
directly  proportional  to  the  mechanical  eflfects  pro- 
duced in  a  given  time/ 

'The  amount  of  tissue  metamorphosed  in  a  given 
time  may  be  measured  by  the  quantity  of  nitrogen 
in  the  urine/ 

'The  sum  of  the  mechanical  effects  produced  in 
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two  individuals,  in  ^the  same  temperature,  is  propor- 
tional to  the  amount  of  nitrogen  in  their  urine; 
whether  the  mechanical  force  has  been  employed  in 
voluntary  or  involuntary  motions,  whether  it  has  been 
consumed  by  the  limbs  or  by  the  heart  and  other 
viscera.' 

Thus,  apparently  influenced  by  the  physiological 
considerations  which  he  had  adduced,  and  notwith- 
standing that  in  some  passages  he  seemed  to  recog- 
nise a  connection  between  the  total  quantity  of 
oxygen  inspired  and  consumed,  and  the  quantity  of 
mechanical  force  developed,  Liebig  nevertheless  very 
prominently  insisted  that  the  amount  of  muscular 
tissue  transformed — the  amount  of  nitrogenous  sub- 
stance oxidated — was  the  measure  of  the  force 
generated.  He  accordingly  draws  the  conclxision, 
that  the  requirement  for  the  nitrogenous  constituents 
of  food  will  be  increased  in  proportion  to  the  increase 
in  the  amount  of  force  expended. 

It  will  be  obvious  that  the  question  whether,  in 
the  feeding  of  animals  for  the  exercise  of  mechanical 
force,  that  is,  for  their  labour,  the  demands  of  the 
system  will  be  proportionally  the  greater  for  the 
nitrogenous,  or  for  the  non-nitrogenous  constituents 
of  food,  is  one  of  considerable  interest  and  practical 
importance. 

In  reference  to  this  point,  to  that  of  the  sources 
in  the  food  of  the  fat  of  the  animal  body,  as  well 
AS  to  the  requirements  for  the  different  constituents 
of  food  for  the  maintenance,  and  for  the  general 
increase,  of  the  body,  in  the  feeding  of  the  animals  of 
the  farm,  a  great  deal  of  experimental  evidence  has 
been  acquired  during  the  last  forty  years,  both  in  this 
country  and  on  the  Continent,  and  to  this  I  shall 
liave  to  refer  in  some  detail  on  a  future  occasion. 
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So  far,  I  have  endeavoured  to  convey  some  idea 
of  the  state  of  knowledge  bearing  upon  the  scientific 
principles  of  agriculture,  prior  to  the  appearance  of 
Liebig's  first  two  works  on  the  subject;  and  also 
briefly  to  summarise  the  views  he  then  enunciated 
in  regard  to  some  points  of  chief  importance.  I  will 
now  attempt  briefly  to  indicate  what  progress  has 
been  made  since  that  period,  largely  at  any  rate  due 
either  to  the  direct  influence  of  his  teaching,  or  to 
the  stimulus  given  to  enquiry  by  the  discussions 
which  his  writings  called  forth. 

It  is  a  coincidence  of  some  interest,  that  the  first 
lectures  given  by  the  Sibthorpian  Professor  of  Kural 
Economy  in  this  University,  were  delivered  by  my 
predecessor,  the  late  Dr.  Daubeny,  almost  contem- 
poraneously with  the  appearance  of  Liebig  s  first 
Work,  in  1840 ;  one  of  a  course  of  three  having  been 
given  before,  and  two  within  a  few  months  after,  the 
publication  of  that  work.  These  lectures  were  after- 
wards published,  and,  in  his  preface.  Professor  Daubeny 
expresses  his  indebtedness  to  Liebig's  Work  for  some 
of  the  fundamental  doctrines,  and  for  some  of  the 
details  embodied  in  his  expositions. 

In  the  lectures  in  question.  Professor  Daubeny 
discussed  the  importance  of  the  study  of  botany, 
physiology,  and  chemistry,  in  the  elucidation  of  agri- 
cultural practices.  He  contrasted  the  conditions  of 
cultivation  in  the  case  of  virgin  soils,  with  those  in 
long-settled  countries.  He  treated  of  the  sources 
of  the  constituents  of  our  crops,  of  fallowing,  manur- 
ing, and  rotation,  so  far  as  the  knowledge  of  the 
day  permitted. 

Finally,  Dr.  Daubeny  put  forward  some  specu- 
lations as  to  the  origin  of  the  constituents  of  the 
first  vegetation   on  the   surface  of  the  globe,  and 
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especially  as  to  the  source  of  the  combined  carbon, 
and  the  combined  nitrogen,  accumulated  in  the  total 
existing  vegetable  and  animal  life  and  remains.  He 
traced  these  to  carbonic  acid,  and  ammonia,  evolved 
by  volcanic  action.  It  may  be  observed  that  one 
source  of  combined  nitrogen  is  undoubtedly  electrical 
action,  especially  in  equatorial  regions,  but  it  will 
be  seen  further  on,  that  so  far  as  quantitative  evi- 
dence is  at  command  on  the  point,  the  amoimts  of 
combined  nitrogen  available  from  atmospheric  sources 
over  a  given  area,  within  a  given  time,  are,  at  any 
rate  in  temperate  latitudes,  quite  inadequate  to  ac- 
count for  the  amounts  recovered  in  crops  over  the 
same  area,  and  in  the  same  time.  It  will  be  seen 
too,  that  the  question  of  the  sources  of  the  nitrogen 
of  our  crops,  is  one  upon  which  very  conflicting  views 
are  still  entertained. 

For  a  period  of  more  than  twenty-five  years, 
Dr.  Daubeny  continued  to  give  lectures  from  time  to 
time  on  various  branches  of  Bural  Economy,  generally 
with  some  reference  to  the  discussions  of  the  day. 

But  independently  of  discourses  of  this  expository 
or  critical  kind,  he,  in  1845,  described  the  results  of 
some  experiments  he  had  made  to  elucidate  the  prin- 
ciples involved  in  the  rotation  of  crops.  To  this 
end  he  had  set  apart  a  number  of  plots  in  the 
Botanic  Garden,  each  10  feet  square.  On  some  of 
these  he  grew  the  same  description  of  plant  year 
after  year  for  several  years  in  succession,  whilst  on 
others  he  alternated  the  different  crops.  The  soil 
was  admittedly  not  very  favourable,  being  made 
ground,  and  the  plots  were  very  small.  Still  the 
results  clearly  showed  that  more  produce  was  ob- 
tained from  a  given  area  when  the  different  plants 
were  grown   in  alternation,  than  when  the  same 
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deBcription  was  grown  successively.  Subsequent 
examination  of  the  soils  further  showed  considerable 
differences,  dependent  on  the  exhaustion  by  the  dif- 
ferent crops. 

Dr.  Daubeny  confined  his  illustrations  and  his  dis- 
cussions almost  entirely  to  the  mineral  or  ash-con- 
stituents of  the  crops;  thus  following  the  lines  of 
argument  current  at  the  time.  Although  the  facts 
brought  out  are  of  interest,  all  subsequently  acquired 
evidence  tends  to  show,  that  the  benefits  of  rotation 
are  not  explicable  by  exclusive  reference  to  the  dif- 
ference in  the  description,  and  amounts,  of  the  mineral 
constituents  which  are  taken  up  by  the  different  crops. 

Among  the  most  notable  of  Professor  Daubeny's 
lectures,  was  a  course  of  eight  on  Boman  Husbandry, 
which  were  afterwards  published. 

These  lectures  evince  considerable  historical  re- 
search, and  are  of  much  interest  independently  of 
the  facts  relating  to  the  Agriculture  of  the  Ancients 
which  they  bring  to  light.  But  their  chief  interest 
to  the  agricultural  student  of  the  present  day  is  to 
be  found  in  the  evidence,  discernible  between  the 
lines,  that  certain  practices  then  adopted  for  the 
increase  of  the  products  obtained  from  the  land, 
are  still  recognised  as  effective,  though,  in  some  cases, 
the  precise  explanation  of  the  benefits  derived  yet 
remains  a  matter  of  controversy.  Thus,  although  no 
fixed  rotations  of  crops  seem  to  have  been  adopted, 
yet  the  occasional  growth  of  plants  of  the  Legu- 
minous family  was  had  recourse  to,  and  recognised  as 
a  means  of  increasing  the  growth  of  the  gramineous 
crops  with  which  they  were  alternated. 

Again,  the  evidence  of  both  Columella  and  Virgil 
goes  to  show,  that  the  fertility  of  soils  was  then 
attributed  to  the  accumulations  from  previous  natural 
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vegetation,  and  that,  as  this  store  was  gradually  used 
up,  the  soils  became  poor. 

Although,  as  has  been  said,  the  lectures  which  * 
have  been  given  by  the  Sibthorpian  Professor  of  Rural 
Economy  commenced  almost  simultaneously  with  the 
appearance  of  Liebig's  first  work,  and  many  of  them 
had  direct  reference  either  to  Liebig's  own  views, 
or  to  current  discussions  relating  to  them,  their  in- 
auguration was  prior  to,  and  quite  independent  of, 
the  interest  excited  by  that  work.  Not  so  was  it,  in 
the  case  of  many  other  agencies  for  promoting  know- 
ledge in  regard"  to  the  scientific  principles  of  agri- 
culture, both  in  this  country,  and  on  the  Continents 
of  Europe  and  America.  I  think  too,  I  may  safely 
say,  that  the  stimulus  was  earlier  felt,  and  was 
earlier  productive  of  results,  in  this  country,  than  in 
Liebig's  own,  or  elsewhere. 

In  1843,  the  Royal  Agricultural  Society  of  England 
first  appointed  a  consulting  Chemist ;  Dr.,  now  Sir 
Lyon  PI  ay  fair,  being  the  first  holder  of  the  office. 
In  1848,  the  late  Professor  Way  was  elected,  and 
the  Society's  journals  of  that  time  bear  testimony 
to  his  clear  perception  of  the  agricultural  problems  re- 
quiring solution,  and  of  his  capacity  as  an  investigator. 
In  1858,  Dr.  Voelcker  succeeded  to  the  office,  and 
continues  to  hold  it  with  much  advantage  to  that 
union  of  '  Practice  with  Science,'  which  the  Society 
by  its  motto  recognises  as  so  essential  to  progress. 
Thus,  after  having  been  Professor  of  Chemistry  at 
the  Royal  Agricultural  College,  Cirencester,  for  many 
years.  Dr.  Voelcker  has  now  been  consulting  Chemist 
to  the  Royal  Agricultural  Society  of  England  for 
more  than  a  quarter  of  a  century ;  and  to  some  of 
the  results  of  his  investigations  I  shall  have  to  refer 
on  future  occasions. 
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It  was  also  in  1843,  that  there  was  established  the 
Chemico-Agricultural  Society  of  Scotland,  which  was, 
I  believe,  broken  up  after  it  had  existed  between 
four  and  five  years,  because  its  able  Chemist,  the  late 
Professor  Johnston,  failed  to  find  a  remedy  for  the 
potato  disease.  Somewhat  similar  duties,  including 
a  good  deal  of  agricultural  research,  have  however 
since  been  performed  under  the  auspices  of  the  High- 
land and  Agricultural  Society  of  Scotland,  for  many 
years  by  the  late  Professor  Anderson,  and  more 
recently  by  Dr.  Aitken. 

In  1845,  the  Chemico-Agricultural  Society  of 
Ulster  was  established;  Professor  Hodges  was  ap- 
pointed as  Chemist,  and  he  continues  ably  to  perform 
the  duties  of  the  office. 

As  already  intimated,  agencies  of  this  kind  were 
not  so  soon  brought  into  operation  on  the  Continent. 
Nevertheless,  the  numerous  Agricultural  Experi- 
mental Stations  which  have  been  established,  not 
only  in  Germany,  but  in  most  continental  States, 
owe  their  origin  very  directly  to  the  writings,  the 
teachings,  and  the  influence  of  Liebig. 

The  movement  seems  to  have  originated  in  Saxony, 
where  Stockhardt  had  already  stimulated  interest  in 
the  subject  by  his  lectures  and  his  writings.  After 
some  correspondence  in  1850-51,  between  the  late 
Dr.  Crucius  and  others  on  the  one  side,  and  the 
Government  on  the  other,  the  first  so-called  'Agri- 
cultural Experimental  Station'  was  established  at 
Mochem,  near  Leipzig,  in  185 1-2.  In  1877  the 
twenty-fifth  anniversary  of  the  foundation  of  that  In- 
stitution was  celebrated  at  Leipzig ;  when  an  account, 
which  has  since  been  published,  was  given  of  the 
number  of  Stations  then  existing,  of  the  number  of 
Chemists  engaged,  and  of  the  subjects  which  had 
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been  investigated.     From  that  statement  we  learn 
that  at  that  period  the  number  of  Stations  was  : — 


In  the  various  German  States 

In  Austria 

In  Italy 

In  Sweden 

In  Denmark 

In  Russia 

In  Belgium 

In  Holland 

In  France 

In  Switzerland 

In  Spain 

Total 


74 
16 

10 

7 
I 

3 

3 
2 

2 

3 
I 


122 


Thus,  seven  years  ago  there  were  122  *  Agricultural 
Stations '  on  the  Continent  of  Europe,  and  the  num- 
ber has  doubtless  by  this  time  considerably  increased. 

Each  of  these  Stations  is  under  the  direction  of  a 
Chemist,  frequently  with  one  or  more  assistants. 
One  special  duty  of  most  of  them  is  to  examine  or 
analyse,  and  report  upon,  manures,  seeds,  or  feeding- 
stuffs,  offered  for  sale  to  the  farmer ;  and  it  seems  to 
have  been  found  to  be  the  interest  of  the  dealers  in  such 
commodities,  to  submit  their  proceedings  to  a  certain 
degree  of  supervision  by  the  Chemist  of  the  Station 
of  their  District. 

But  agricultural  research  has  also  been  a  character- 
istic feature  of  these  institutions.  It  was  stated  in 
the  report  referred  to,  that  the  investigation  of  soils 
had  been  the  prominent  object  at  sixteen  of  them ; 
experiments  with  manures  at  twenty-four  ;  vegetable 
physiology  at  twenty-eight ;  animal  physiology  and 
feeding  experiments  at  twenty ;  vine  culture  and 
wine  making  at  thirteen  ;  forest  culture  at  nine ;  and 
mUk  production  at  eleven.  Others,  according  to  their 
locality,  have  devoted  special  attention  to  fruit 
culture,  olive  culture,  the  treatment  of  moor,  bog  and 
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peat  land,  the  production  of  silk,  the  manufacture  of 
.  spirit,  and  other  products. 

But  few  experimental  stations  having  in  the  main 
similar  objects  to  thos6  of  the  Stations  on  the  Conti- 
nent of  Europe,  have  been  established  either  in  our 
own  Country  or  in  America ;  but  in  the  German 
Report  above  cited,  Scotland  is  credited  with  one,  and 
the  United  States  with  one. 

There  are,  however,  several  Stations  in  the  United 
States,  where  agricultural  investigation  is  carried  on ; 
and  a  writer  in  that  Country  has  recently  made  an 
appeal  to  the  Government,  to  establish  Stations 
with  a  view  to  the  investigation  of  each  general 
variety  of  soil  and  climate  in  the  United  States ;  to 
assign  a  Chemist  to  each,  to  institute  experiments 
with  the  crops  most  suitable  to  the  locality,  to  analyse 
the  soil,  &c.,  and  to  report  the  results. 

The  records  of  the  results  of  the  investigations  con- 
ducted at  the  large  number  of  experimental  stations  on 
the  Continent  of  Europe,  are  extremely  voluminous  ; 
and  the  number  of  systematic  works  which  have  ap- 
peared on  various  branches  of  the  subject  in  the 
French  and  German  languages  during  the  last  forty 
years  is  very  great.  I  will  here  refer  to  the  several 
editions  of  Liebig's  first  two  works  already  alluded 
to,  his  *  Familiar  Letters  on  Cliemistry,'  his  '  Modem 
Agriculture,'  his  'Principles,'  and  finally  his  *  Natural 
Laws  of  Husbandry,'  all  of  which  have  appeared  in 
the  English  language.  Reference  should  also  be 
made  to  Boussingault's  *  Economic  Rurale '  the  first 
edition  of  which  was  published  in  English  in  1845. 
It  has,  however,  gone  through  other  editions  in 
France  ;  and  subsequently,  at  intervals  from  1 860 
to  1878,  Boussingault  published  a  series  of  six 
volumes,  entitled — 'Agronomic,  Chimie  Agricole  et 
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Physiologie'— and  covering  a  still  wider  range  of 
subjects,  bringing  the  information  on  the  various 
points  up  to  date,  and  going  into  much  detail  as  to  the 
methods  of  research,  as  well  as  to  the  results  obtained. 
In  these  volumes,  those  who  desire  it  will  be  able  to 
examine  for  themselves  the  evidence  upon  which  many 
important  conclusions  have  been  based. 

A  few  of  the  works  by  English,  authors  which  have 
appeared  within  the  same  period,  it  may  be  well  to 
enumerate.  Among  them  are  Johnston's  'Lectures  on 
Agricultural  Chemistry  and  Geology,'  first  published 
in  1 844  ;  and  his  *  Experimental  Agriculture/  pub- 
lished in  1849.  His  successor.  Dr.  Anderson,  also 
published,  in  i860,  a  work  entitled — 'Elements  of 
Agricultural  Chemistry.* 

New  editions  of  Johnston's  work  have  since  been 
published  by  Dr.  C.  Cameron ;  the  first  of  these,  the 
tenth  of  the  original  work,  appearing  in  1877. 

Perhaps  the  most  compendious  record  of  the  results 
of  the  Continental  investigations  up  to  the  time 
of  its  publication,  which  has  appeared  in  our  own 
language,  is  that  by  Professor  S.  W.  Johnson,  of  Yale 
College,  Newhaven,  Connecticut,  in  two  volumes, 
entitled  *  How  Crops  Grow,*  and  *  How  Crops  Feed.^ 
The  results  ^  of  the  German  experiments  on  the 
Feeding  of  Animals  have  also  been  summarised  by 
Dr.  Armsby.,  in  a  volume  published  in  America^  and 
entitled — *  Manual  of  Cattle-Feeding.' 

Neither  in  the  works  above  referred  to,  nor  in  the 
reports  of  the  Continental  Experimental  Stations,  do 
we  find  the  record  of  many  systematic  or  long  con- 
tinued field-experiments.  We  have,  however,  the 
example  of  Boussingault,  and  the  opinions  of  Sir 
Humphrey  Davy,  Liebig,  and  Daubeny,  as  to  the  great 
importance  of  such  methods  of  agricultural  research. 
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Davy  says : — 

*  Nothing  is  more  wanting  in  agriculture  than  ex- 
periments in  which  all  the  circumstances  are  minutely 
and  scientifically  detailed.  This  art  will  advance 
with  rapidity  in  proportion  as  it  becomes  exact  in  its 
methods.  As  in  phyisical  researches,  all  the  causes 
should  be  considered  ;  a  di£ference  in  the  results  may 
be  produced,  even  by  the  fall  of  a  half-inch  of  rain 
more  or  less  in  the  course  of  a  season,  or  a  few  degrees 
of  temperature,  or  even  by  a  slight  difference  in  the 
subsoil,  or  in  the  inclination  of  the  land.' 

*  Information  collected  after  views  of  distinct  in- 
quiry, would  necessarily  be  fitted  for  inductive  reason- 
ing, and  capable  of  being  connected  with  the  general 
principles  of  science ;  and  a  few  histories  of  the  re- 
sults of  truly  philosophical  experiments  iu  agricultural 
chemistry  would  be  of  more  value  in  enlightening  and 
benefiting  the  farmer,  than  the  greatest  possible  accu- 
mulation of  imperfect  trials,  conducted  merely  in  the 
empirical  spirit.' 

*  It  is  from  the  higher  classes  of  the  community, 
from  the  proprietors  of  land, — those  who  are  fitted  by 
their  education,  to  form  enlightened  plans,  and  by 
their  fortunes,  to  carry  such  plans  into  execution  ;  it 
is  from  these  that  the  principles  of  improvement  must 
flow  to  the  labouring  classes  of  the  community  ;  and 
in  all  classes  the  benefit  is  mutual ;  for  the  interest  of 
the  tenantry  must  be  always  likewise  the  interest  of 
the  proprietors  of  the  soiL' 

*  Discoveries  made  in  the  cultivation  of  the  earth 
are  not  merely  for  the  time  and  country  in  which  they 
are  developed,  but  they  may  be  considered  as  extend- 
ing to  future  ages,  and  as  ultimately  tending  to  benefit 
the  whole  human  race ;  as  affording  subsistence  for 
generations  yet  to  come ;  as  multiplying  life ;  and  not 
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only  multiplying  life,  but  likewise  providing  for  its 
enjoyment/ 

Liebig  said : — '  I  shall  be  happy  if  I  succeed  in 
attracting  the  attention  of  men  of  science  to  subjects 
which  so  well  merit  to  engage  their  talents  and 
energiea  Perfect  agriculture  is  the  true  foundation 
of  all  trade  and  industry — it  is  the  foundation  of 
the  riches  of  states.  But  a  rational  system  of  agri- 
culture cannot  be  formed  without  the  application  of 
scientific  principles ;  for  such  a  system  must  be  based 
on  an  exact  acquaintance  with  the  means  of  nutri- 
tion of  vegetables,  and  with  the  influence  of  soils  and 
actions  of  manure  upon  them.  This  knowledge  we 
must  seek  from  chemistry,  which  teaches  the  mode 
of  investigating  the  composition  and  of  studying  the 
characters  of  the  different  substances  from  which 
plants  derive  their  nourishment.* 

*  Since  the  time  of  the  immortal  author  of  tKe 
"Agricultural  Chemistry''  (Davy)  no  chemist  has  oc- 
cupied himself  in  studying  the  application  of  chemical 
principles  to  the  growth  of  vegetables,  and  to  organic 
processes.  I  have  endeavoured  to  follow  the  patli 
marked  out  by  Sir  Humphrey  Davy,  who  based  his 
conclusions  only  on  that  which  was  capable  of  in- 
quiry and  proof.  This  is  the  path  of  true  philo- 
sophical inquiry,  which  promises  to  lead  us  to  truth 
— the  proper  object  of  our  research.* 

The  importance  which  Professor  Daubeny  attached 
to  field-experiments,  is  evidenced  in  the  facts  that,  at 
a  very  early  period  of  his  connection  with  the  study 
and  teaching  of  the  principles  of  Rural  Economy,  he 
instituted  the  experiments  on  Rotation,  in  the  Botanic 
Garden,  already  referred  to ;  and  that  subsequently, 
•I  believe  in  i860,  he  bequeathed  to  his  successors 
in  the  Chair  a  piece  of  ground  of  about  one  and  a 
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half  acre  for  the  purposes  of  experiments ;  feeling,  as 
he  said  in  a  lecture  on  the  subject,  that  the  objects 
of  the  foundation  of  the  Professorship  of  Rural 
Economy — *  would  not  be  fully  attained  until  the 
holder  of  it  was  enabled,  not  only  to  retail  the  in- 
formation he  might  obtain  from  books,  but  also  to 
illustrate  it  by  experiment,  and  to  verify,  as  well 
as  extend  the  knowledge  he  might  have  derived  from 
others  through  original  investigations  of  his  own/ 

Briefly  described,  the  subjects  which  Dr,  Daubeny 
indicated  as  suitable  for  such  enquiry  were — i.  To 
determine  what  amount  of  mechanical  treatment,  and 
what  length  of  time,  would  be  required  to  bring  an 
exhausted  soil  back  to  fertility  without  manure. 
2.  To  try  whether,  if  a  soil  be  rich  in  mineral  con- 
stituents, ammoniacal  manures  may  not  be  dispensed 
with  by  the  use  of  mechanical  operations;  since,  as 
he  says,  Liebig's  opinion  is,  that  many  plants  have 
the  power  '  of  absorbing  from  the  atmosphere  so 
large  an  amount  of  ammonia,  as  would  seem  to 
render  them  independent  of  animal  manures,  and  to 
enable  them  to  derive  all  their  ingredients,  except 
their  mineral  ones,  from  the  atmosphere/  3.  The 
causes  of  the  failure  of  clover.  4.  The  effects  of 
gypsum  applied  as  manure.  5.  To  try  whether  there 
is  any  disadvantage  in  the  use  of  superphosphates 
from  which  the  fluorine  has  been  dissipated,  com- 
pared with  bones  from  which  it  has  not.  6.  Whether 
growing  plants  year  after  year  on  the  same  land 
from  the  seed  yielded,  tends  to  variation,  or  to  the 
obliteration  of  specific  characters.  7.  Lastly,  to  de- 
termine how  far  the  growth  of  the  fungi  which 
attack  different  crops  may  be  considered  as  a  cause, 
or  only  the  effect,  of  disease. 

I  may  here  say  that  much  experimental  evidence 
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is  now  available  with  regard  to  some  of  these  ques- 
tioDSy  and  I  shall  have  to  call  attention  to  it  in 
Subsequent  lectures. 

I  may  add  that,  very  shortly  after  Dr.  Daubeny 
had  bequeathed  the  piece  of  ground  to  which  I  have 
referred,  I  visited  it  with  him,  and  at  the  time  ex- 
pressed  a  fear  that  it  was  not  very  suitable  for  the 
objects  in  view,  little  thinking  that  it  would  fall  to 
my  lot  to  consider  the  subject  more  seriously,  as 
I  shall  soon  have  to  do.  In  the  first  place,  I  pointed 
out  the  unlevel  character  of  the  plot,  and  gathered 
from  the  history  of  it  given  to  me,  that  it  was  very 
uneven  as  to  condition.  Accordingly,  I  suggested 
that,  before  any  experiments  on  it  were  undertaken, 
it  should  be  brought  into  an  even  state  as  far  as 
mechanical  operations  could  accomplish  this ;  and 
that  then  some  corn-crop  should  be  grown  for  several 
years  in  succession  without  manure,  so  as,  as  &r  as  pos- 
sible, to  obliterate  the  unevenness  of  ccmdition  arising 
from  previous  irregularity  in  manuring  and  cropping. 

It  will  doubtless  excite  surprise  when  I  say  that, 
notwithstanding  the  importance  of  the  subject,  and  the 
high  authority  on  which  the  prosecution  of  scientific- 
ally conducted  field-experiments  has  been  advocated, 
the  conduct  of  such  experiments  has  never  been  an 
important  part  of  the  work  of  the  Agricultural  Experi- 
mental Stations  on  the  continent  of  Europe,  and  that 
it  is  now  almost  excluded  from  their  programme. 

In  1880,  Professor  Maercker  of  Halle,  one  of  the 
leading  Agricultural  Chemists  of  Germany,  stated  that 
belief  in  their  value  was  greatly  diminished,  and  that 
by  some  they  were  declared  to  be  of  no  value.  It  is 
objected  that  the  Chemists  of  the  Agricultural  Stations 
have  neither  the  means  nor  the  technical  know- 
ledge necessary  for  carrying  out  such  experiments 
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successfully ;  that  neither  the  amount  of  land,  nor  the 
funds  at  their  disposal,  are  such  as  to  admit  of  any 
safe  deductions  for  application  in  practical  agricul- 
ture from  the  results ;  and  that  purely  physiological 
problems  can  be  better  investigated  in  the  laboratory, 
or  in  the  greenhouse.  He  remarks  that,  owing  to  the 
errors  necessarily  incident  to  field-experiments  con- 
ducted by  those  not  acquainted  with  practical  agri- 
culture, the  confidence  of  the  practical  farmer  in  the 
results  has  been  shaken.  Indeed,  owing  to  the  diffi- 
culties and  cost  of  such  enquiries,  if  conducted  in  a 
truly  scientific  manner,  so  as  to  be  applicable  for  the 
solution  of  questions  of  fundamental  and  general 
interest.  Professor  Maercker  concludes  that  the  only 
field-experiments  which  it  is  practicable  to  carry  out 
in  Germany,  are  such  as  should  be  conducted  by  the 
practical  farmer  himself,  to  test  the  applicability  to 
practice,  of  results  and  conclusions  otherwise  arrived 
at;  and  that,  to  insure  that  even  such  experiments 
are  not  misleading,  similar  ones  should  be  conducted 
on  different  descriptions  of  soil,  and  for  several  years 
in  succession. 

I  have  already  quoted  the  opinion  of  Sir  Humphrey 
Davy,  that  scientifically  conducted  field-experiments 
should  be  undertaken  by  proprietors  of  land,  who  by 
their  education  are  fitted  to  form  enlightened  plans, 
and  by  their  fortunes  are  able  to  carry  them  into 
execution ;  and  when  I  tell  you  that  the  Rothamsted 
field-experiments,  independently  of  all  the  laboratory 
investigations  connected  with  them,  cost  considerably 
more,  and  those  which  have  been  undertaken  by  the 
Duke  of  Bedford  at  Wobum  for  the  last  seven  years, 
on  behalf  of  the  Eoyal  Agricultural  Society  of  Eng- 
land, and  which  are  under  the  direction  of  Dr. 
Yoelcker,  not  much  less,  than  £1000  annually,  you 
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will  not  be  surprised  that  such  field-experiments  are 
not  more  general. 

Prior  to  the  appearance  of  Liebig  s  first  work,  in 
1 840,  Mr.,  now  Sir  John  Bennet  Lawes,  commenced 
experiments  with  different  manuring  substances,  first 
with  plants  in  pots,  and  afterwards  in  the  field,  at 
Rothamsted,  into  the  hereditary  possession  of  which 
he  had  entered  on  his  majority  in  1834.  The  results 
so  obtained  on  a  small  scale  in  1837,  1838,  and  1839^ 
were  such  as  to  lead  to  more  extensive  trials  in  the 
field  in  1 840,  1 84 1 ,  and  subsequently. 

In  1843,  more  systematic  field-experiments  were 
commenced;  and  a  bam,  which  had  already  been 
applied  to  laboratory  purposes,  became  almost  ex- 
clusively devoted  to  agricultural  investigations. 
These,  which  are  still  in  progress,  have  been  con- 
ducted entirely  at  the  cost,  of  Sir  John  Lawes,  who 
has  further  set  apai-t  a  sum  of  £100,000,  and  certain 
areas  of  land,  for  their  continuance  after  his  death. 

In  June  1843,  I  became  associated  with  Mr.  Lawes 
in  the  conduct  of  these  investigations;  and  as  it  is 
doubtless  my  connexion  with  them  (which  still  con- 
tinues), to  which  my  election  to  this  Chair  is  mainly 
to  be  attributed,  it  will  not  be  out  of  place  to  give, 
on  this  occasion,  a  brief  outline  of  the  scope  and  plan 
of  the  work  which  has  been  accomplished,  during  the 
more  than  forty  years  of  its  continuance.  That  I 
should  do  so  seems  the  more  desirable,  since  I  inter- 
pret my  appointment  as  indicating  a  feeling  on  the 
part  of  the  Electors,  that  the  results  acquired  in  this 
long  period  of  investigation  of  the  scientiBc  princij)les 
of  agriculture,  many  of  which  are  known  by  their 
publication,  must  have  provided  important  material 
for  illustration,  in  the  lectures  which  it  will  be  my 
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duty  to  deliver.  In  fact,  whilst  I  shall  not  neglect 
important  results  and  conclusions  established  by- 
others,  the  plan  which  I  have  in  view  will  never- 
theless involve  much  reliance  on  the  data  acquired 
at  Rothamsted. 

I  may  premise  that  since  July  1855,  when  a  new 
laboratory,  built  by  public  subscription  of  agricul- 
turists, was  presented  to  Mr.  Lawes,  the  old  bam 
laboratory  has  been  abandoned.  At  the  present 
time,  the  Kothamsted  staff  consists  of  two,  and  some- 
times three  chemists;  several  general  assistants  in 
different  departments ;  occasionally  a  botanical  assist- 
ant; three,  and  sometimes  four,  computers  and  record 
keepers;  also  a  laboratory  man,  and  several  boys. 

The  general  scope  and  plan  of  the  field-experiments 
has  been — to  grow  some  of  the  most  important  crops 
of  rotation,  each  separately,  year  after  year,  for  many 
years  in  succession  on  the  same  land,  without  manure, 
with  farmyard  manure,  and  with  a  great  variety  of 
chemical  manures ;  the  same  description  of  manure 
being,  as  a  rule,  applied  year  after  year  on  the  same 
plot.  Experiments,  with  different  manures  on  the 
mixed  herbage  of  permanent  grass-land,  on  the  effects 
of  fallow,  and  on  an  actual  course  of  rotation,  without 
manure,  and  with  different  manures,  have  likewise 
been  made. 

Field-experiments  have  thus  been  conducted  for 
the  periods,  and  over  the  areas,  indicated  in  the 
table  on  the  following  page. 

Samples  of  all  the  experimental  crops  axe  brought 
to  the  laboratory.  Weighed  portions  of  each  are 
jpartially  dried  and  preserved  for  future  reference,  or 
analysis.  Duplicate  weighed  portions  of  each  are 
dried  at  icx)°C,  the  dry  matter  determined,  and  then 
burnt  to  ash.     The  quantitieis  of  ash  are  determined 
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Rothamsted  Field  Expenments. 


Crops. 

< 

Duration. 

Area. 

P11018. 

Years, 

Acres, 

Wheat  (various  manures)     .     . 
Wheat,  alternated  with  Fallow 
Wheat  (varieties)  .     .     .     .     . 
Barley  (various  manures) 
Oats  (various  manures)  .     .     . 
Beans  (various  manures)      .     . 
Beans  (various  manures) 
Beans,  alternated  with  Wheat . 
Clover  (various  manui*es)     .     . 
Various  Leguminous  Plants 

41 
33 

33 

32* 

.     .         27» 

28* 

.         30» 

.    .           7 

13 
I  . 

4-8 

4i 
i 

li 

I 

I 

3 
3 

37 

a 
about  20 

't 

10 

5 
10 

18 
17 

Turnips  (various  manures)  . 
Sugar  Beet  (various  manures) 
Mangel- Wurzel  (various  manure 

.      .             23« 

5 

BS).              9 

8 
8 
8 

40 
41 
41 

Total  Root  Crops 

.     .         42 

Potatoes  (various  manures)  .     . 
Rotation  (various  manures) 
Permanent  Grass  (various  manui 

9 

37 
res)          29 

2 

7 

10 
12 
22 

and  recorded ;  the  ashes  themselves  being  preserved 
for  reference,  or  analysis. 

In  a  large  proportion  of  the  samples  the  total 
nitrogen  is  determined;  and  in  some  the  amount 
existing  as  albuminoids,  amides,  and  nitric  acid. 

In  selected  cases,  illustrating  the  influence  of  season, 
manures,  exhaustion,  &c.,  complete  ash-analyses  have 
been  made,  numbering  in  all  more  than  700. 

Also  in  selected  cases,  illustrating  the  influence 
of  season  and  manuring,  quantities  of  the  experi- 

*  Including  i  year  Fallow. 

'  Including  i  year  Wheat,  and  5  years  Fallow. 

*  Including  4  years  Fallow. 

*  Including  2  years  Fallow. 

'  dover,  I  a  times  sown,  8  yielding  crops,  but  4  of  these  very  small,  i  year 
Wheats  5  years  Barley,  1  a  years  Fallow. 

*  Including  Barley  without  manon  5  years  (nth,  lath,  and  13th  seasons). 
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mentally  grown  wheat-grain  have  been  sent  to  the 
mill,  and  the  proportion  and  composition  of  the 
different  mill-products  has  been  determined. 

In  the  sugar-beety  mangel-wurzel^  and  potatoes, 
the  sugar  in  the  juice  has  in  many  cases  been  de- 
termined by  polariscope,  and  frequently  by  copper 
also. 

In  the  o^se  of  the  experiments  on  the  mixed 
herbage  of  permanent  grass-land,  besides  the  samples 
taken  for  the  determination  of  the  chemical  com- 
position (dry  matter,  ash,  nitrogen,  woody  fibre, 
fatty  matter,  and  composition  of  ash),  carefully 
averaged  samples  have  frequently  been  taken  for 
the  determination  of  the  botanical  composition.  In 
this  way,  on  four  occasions,  at  intervals  of  five  years 
— ^viz.,  in  1862,  1867,  1872,  and  1877 — a  sample  of 
the  produce  of  each  plot  was  taken,  and  submitted 
to  careful  botanical  separation ;  and  the  percentage, 
by  weight,  of  each  species  in  the  mixed  herbage 
determined.  Partial  separations^  in  the  case  of 
samples  fix)m  selected  plots  (frequently  of  both  first 
and  second  crops),  have  also  been  made  in  other  years. 

Samples  of  the  soils  of  most  of  the  experimental 
plots  have  been  taken  from  time  to  time,  generally 
to  the  depth  of  9,  18,  and  27  inches;  sometimes  to 
twice,  and  sometimes  ev^i  to  four  times  this  depth. 
In  this  way  more  than  1000  samples  have  been 
taken,  submitted  to  partial  mechanical  separation, 
and  portions  of  the  fine  soil  (that  is,  excluding 
stones)  have  been  carefully  prepared  and  preserved 
for  analysis.  In  a  large  proportion  of  the  samples 
the  loss  on  drying  at  different  temperatures,  and  at 
ignition,  has  been  determined.  In  most,  the  nitrogen 
determinable  by  burning  with  soda-lime  has  been 
estimated.     In  many  the  carbon,  and  in  some  the 
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nitrogen  as  nitric  acid,  and  the  chlorine,  have  been 
determined.  Some  experiments  have  also  been  made 
on  the  comparative  absorptive  capacity  (for  water 
and  ammonia)  of  different  soils  and  subsoils.  The 
systematic  investigation  of  the  amount,  and  the 
condition,  of  the  nitrogen,  and  of  some  of  the  more 
important  mineral  constituents,  of  the  soils  of  the 
different  plots,  and  from  different  depths,  is  now  in 
progress,  or  contemplated. 

Almost  from  the  commencement  of  the  experi- 
ments the  rainfall  has  been  measured — for  more  than 
thirty  years  in  a  gauge  of  one-thousandth  of  an  acre 
area,  as  well  aa  in  an  ordinary  small  funnel-gauge  of 
5  inches  diameter.  An  8-inch  '  Board  of  Trade ' 
copper-gauge  is  also  now  in  use,  commencing 
January  i,  1881.  From  time  to  time,  the  nitrogen 
as  ammonia  (and  sometimes  as  nitric  acid),  has  been 
determined  in  the  rain  waters.  The  chlorine  has  also 
been  determined  in  many  samples. 

Three  '  drain  gauges,'  also  of  one-thousandth  of  an 
acre  each,  for  the  determination  of  the  quantity  and 
composition  of  the  water  percolating,  respectively 
through  20  inches,  40  inches,  and  60  inches  depth  of 
soil  (with  its  subsoil  in  natural  state  of  consolidation), 
have  also  been  constructed  Each  of  the  differently 
manured  plots  of  the  permanent  experimental  wheat- 
field  having  a  separate  pipe-drain,  the  drainage- 
waters  have  been,  and  are  frequently,  collected  and 
analysed. 

The  nitrogen  existing  as  nitric  acid,  sometimes 
that  in  other  forms,  and  also  some  other  constituents, 
are,  and  for  some  time  past  have  been,  determined 
periodically,  in  both  the  rain  and  the  various  drainage 
waters. 

-    For  several  years  in  succession,  experiments  were 
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madp  to  determine  the  amount  of  water  given  off  by 
plants  during  their  growth.  In  this  way  various 
plants,  including  representatives  of  the  gramineous, 
the  leguminous,  and  other  families,  have  been  ex- 
perimented upon.  Similar  experiments  have  also 
been  made  with  various  evergreen  and  deciduous 
trees. 

Having  regard  to  the  difference  in  the  character 
and  amount  of  the  constituents  assimilated  by  plants 
of  different  botanical  relationships,  under  equal  ex- 
ternal conditions,  or  by  the  same  description  of 
plants,  under  varying  conditions,  observations  have 
been  made  on  the  character  and  range  of  the  roots  of 
different  plants,  and  on  their  relative  development  of 
«tem,  leaf,  &c.  In  the  case  of  various  crops,  but 
more  especially  with  wheat  and  beans,  samples  have 
been  taken  at  different  stages  of  growth,  and  the 
composition  determined,  in  more  or  less  detail,  some- 
times of  the  entire  plant,  and  sometimes  of  the 
separated  parts.  In  a  few  cases,  the  amounts  of  dry 
matter,  ash,  nitrogen,  &c.,  in  the  above-ground 
growth  of  a  given  area,  at  different  stages  of 
development,  have  been  determined.  The  amounts 
of  stubble  of  different  crops  have  also  occasionally 
been  estimated. 

Experiments  were  made  for  several  years  in 
succession  to  determine  whether  plants  assimilated 
free  or  uncombined  nitrogen,  and  also  various  col- 
lateral points.  Plants  of  the  gramineous,  the 
leguminous,  and  of  other  families,  were  operated 
upon.  The  late  Dr.  Pugh  took  a  prominent  part 
in  this  enquiry. 

Obviously,  an  investigation  of  the  scientific  prin- 
ciples of  Agriculture  would  be  incomplete  if  it  werp 
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not  extended  to  the  question  of  the  feeding  of  the 
animals  of  the  farm.  Accordingly^  experiments  with 
such  animals  were  commenced  early  in  1847^  ^^'^ 
have  been  continued  at  intervals  up  to  the  present 
time. 

The  following  points  have  been  investigated  : — 

1.  The  amount  of  food^  and  of  its  several  con- 
stituents, consumed  in  relation  to  a  given  live-weight 
of  animal,  within  a  given  time. 

2.  The  amount  of  food,  and  of  its  several  con- 
stituents^ consumed  to  produce  a  given  amount  of 
increase  in  live-weight. 

3.  The  proportion,  and  relative  development,  of 
the  different  organs  or  parts  of  different  animals. 

4.  The  proximate  and  ultimate  composition  of  the 
animals,  in  different  conditions  as  to  age  and  fatness, 
and  the  probable  composition  of  their  increase  in 
live-weight  during  the  fattening  process. 

5.  The  composition  of  the  solid  and  liquid  excreta 
(the  manure),  in  relation  to  that  of  the  food  con- 
sumed. 

6.  The  loss  or  expenditure  of  constituents  by 
respiration  and  the  cutaneous  exhalations — ^that  is, 
in  the  mere  sustenance  of  tiie  living  meat — and 
^manure-making  machine. 

Several  hundred  animals— oxen,  sheep,  and  pigs — 
have  been  submitted  to  experiment. 

The  amount,  and  the  relative  development,  of  the 
different  organs  and  parts,  were  determined  in  two 
calves,  two  heifers,  fourteen  bullocks,  one  lamb,  249 
sheep,  and  59  pigs. 

The  percentages  of  water,  mineral  matter,  fat/,  and 
nitrogenous  substance,  were  determined  in  certain 
separated  parts,  and  in  the  entire  bodies,  of  ten 
animals — namely,  one  calf,  two  oxen,  one  lamb,  four 
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sheep,  and  two  pigs.  Complete  analyses  of  the  ashes, 
respectively,  of  the  entire  carcases,  of  the  mixed 
internal  and  other  'offid'  parts,  and  of  the  entire 
bodies,  of  each  of  these  ten  animals  have  also  been 
made. 

From  the  data  provided,  as  just  described,  as  to 
the  chemical  composition  of  the  different  descriptions 
of  animal,  in  different  conditions  as  to  age  and  fatness, 
the  composition  of  the  increase  whilst  fattening,  and 
the  relation  of  the  constituents  stored  up  in  increase 
to  those  consumed  in  food,  have  been  estimated. 

To  ascertain  the  composition  of  the  manure  in 
relation  to  that  of  the  food  consumed,  oxen,  sheep, 
and  pigs,  have  been  experimented  upon. 

The  loss  or  expenditure  of  constituents,  by  respir- 
ation and  the  cutaneous  exhalations,  has  not  been 
determined  directly,  but  only  by  difference ;  that  is, 
by  calculation,  founded  on  the  amounts  of  dry  matter, 
ash,  nitrogen,  &c.,  in  the  food,  and  in  the  (increase) 
faeces,  and  urine. 

Independently  of  the  points  of  enquiry  here  enu- 
merated, the  results  obtained  have  supplied  data  for 
the  consideration  of  the  following  questions : — 

1.  The  characteristic  demands  of  the  animal  body, 
for  nitrogenous  or  non-nitrogenous  constituents  of 
food,  in  the  exercise  of  muscular  power. 

2.  The  sources  in  the  food  of  the  fat  produced  in 
the  animal  body. 

3.  The  comparative  characters  of  animal  and  veg- 
etable food  in  human  dietaries. 

Supplementary  investigations  have  also  been  made ; 
for  example — on  the  application  of  town-sewage  to 
different  crops,  including  experiments  on  the  feed- 
ing qualities  of  the  produce  grown ;  the  amount  of 
increase  yielded  by  oxen,  and  the  amount  and  com- 
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position  of  the  milk  yielded  by  cows,  being  deter- 
mined. 

The  chemistry  of  the  malting  process,  the  loss  of 
food  constituents  during  its  progress,  and  the  com- 
parative feeding  value  of  barley  and  malt,  have  also 
been  investigated. 

Many  of  the  results  of  the  investigations  above 
enumerated  have  already  been  published,  but  a  large 
proportion  as  yet  remains  unpublished. 

As  already  intimated,  I  propose  to  rely  largely  on 
the  data  supplied  in  the  more  than  forty  years  of 
investigation  at  Kothamsted.  in  the  field,  the  feeding- 
shed,  and  the  laboratory,  in  the  lectures  which  it 
will  be  my  duty  to  give  in  this  University,  in  elu- 
cidation of  the  scientific  principles  of  agriculture. 

In  the  first  place,  however,  to  give  logical  sequence 
to  what  will  follow,  I  shall  devote  a  few  lectures  to 
the  question  of  the  sources  of  the  constituents  of  the 
plants  and  animals  which  are  the  products  of  the 
art  of  agriculture.  Obviously,  the  soil,  and  the  atmo- 
sphere, are  these  sources.  The  subject  of  the  origin, 
the  general  characters,  and  the  composition,  of  soils, 
is  a  very  wide  one ;  and  many  lectures  might  be 
devoted  to  its  discussion.  But  it  is  foreign  to  my 
plan  so  to  discuss  it ;  as  to  do  so  would  seriously 
trench  upon  the  time  which  should  be  devoted  to 
the  consideration  of  other  branches  of  our  enquiry. 

I  shall  next  consider  the  effects  of  manures,  ex- 
haustion, and  variations  of  season,  on  the  amounts 
of  produce,  and  on  the  composition  of  the  produce, 
of  different  crops,  the  effects  of  fallow,  and  the 
benefits  arising  from  a  rotation  of  crops. 

Subsequently,  I  propose  to  take  up  the  subject 
of  the  feeding  of  animals,  for  the  production  of  meat, 
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milk,  and  manure,  and  for  the  exercise  of  force — that 
is,  for  their  labour.  Also,  if  opportunity  should 
occur,  to  treat  of  the  question  of  the  application  of 
town-sewage  to  the  land. 

Finally,  I  should  observe  that,  throughout  the 
illustrations  which  I  shall  bring  before  you,  it  will 
be  my  endeavour  to  keep  in  view  the  bearing  of  the 
data  with  which  I  shall  have  to  deal,  on  the  im- 
portant question  of  compensation  for  unexhausted 
improvements,  so  much  in  discussion  at  the  present 
time. 

The  first  experiments  on  crops  to  which  I  shall 
direct  attention,  will  be  those  on  the  cereals ;  for, 
although  bad  seasons,  and  foreign  competition,  have 
of  late  tended  to  lessen  the  relative  importance  of 
these  products  to  the  British  farmer,  the  experimental 
evidence  obtained,  both  in  the  field  and  in  the  labora- 
tory, is  more  complete  in  regard  to  them  than  to  any 
other  crops ;  and  the  discussion  of  the  results,  will 
afford  the  opportunity  of  considering  important  ques- 
tions of  wider  interest  to  agriculture,  than  those 
exclusively  relating  to  the  production  of  the  cereal 
crops  themselves. 
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In  the  Jownal  of  the  Chemical  Society  for  1857,  we  pvbHi^ed  a 
paper  entitled: — ^*  On  some  Points  in  the  Composition  of  Wheat^Orain, 
its  Prodncts  in  the  Mill,  and  Bread.'*  In  that  paper  the  resnlts  of 
23  wheat-grain  ash-analjses  were  embodied.  The  present  paper 
relates  to  the  analyses  of  92  wheat-grain  and  92  wheat-straw  ashes, 
and  inclndlng  69  duplicates,  the  namber  of  complete  ash-^oialyses 
invoWed  is  253.  Ev^ery  ash  is  of  produce  of  known  history  of  growth, 
as  to  soil,  season,  and  manuring.  Thus,  there  is  a  series  for  16  con- 
pecntiYe  seasons,  under  three  very  characteristically  different  condi- 
tions as  to  manuring.  There  is  a  series  representing  nine  different 
oonditioBS  as  to  manuring,  each  in  two  unfavourable,  and  in  two 
faTonrable  seasons  for  the  crop.  Lastly,  there  is  a  series  representing 
the  proportionally  mixed  produce  for  the  10  years,  1852-1861,  and 
again  for  the  succeeding  10  years,  1862-1871,  for  10  differently 
manured  plots  in  each  case. 

The  results  are  thus  calculated  to  illustrate  the  influence  of  fluctua- 
tions of  season  from  year  to  year  under  known,  but  very  different 
conditions  as  to  manuring  ;  the  influence  of  characteristic  seasons 
under  a  great  variety  of  manuring  conditions ;  and  the  influence  of 
continuous  supply  or  exhaustion  of  certain  constituents. 

Most  of  the  results  have  long  been  waiting  for  an  opportunity  of 
full  discussion ;  but  as  such  opportunity  seems  still  remote,  it  is  pro- 
posed now  to  submit  them,  arranged  in  such  form  as  will  be  con- 
venient for  reference;  and  to  accompany  the  record  with  only  so 
much  of  explanation  and  discussion,  as  will  suffice  to  indicate  the 
most  important  conclusions,  and  usefully  to  direct  the  further  study 
of  the  results. 
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In  explanation  of  the  history  of  the  specimens  from  which  the 
ashes  have  been  obtained,  it  should  be  stated  that  thej  have  all  been 
grown  in  the  experimental  field  at  Bothamsted,  which  has  now- 
yielded  wheat  for  40  years  in  succession,  1844  to  1883  inclusive, 
respectively  without  manure,  with  farmyard  roannre,  and  with  a 
great  variety  of  artificial  manures ;  the  same  manure  being,  as  a  rule, 
applied  year  after  year,  to  the  same  plot.  The  descriptions  of  wheat 
grown  have  been  as  follows : — 1844-1848,  Old  Red  Lammas;  1849— 
1852,  Bed  Cluster ;  1853-1881,  Bed  Rostock ;  1882  and  since,  Club 
Wheat  (red) ;  all  of  which  are  well  acclimatised,  and,  with  the  excep- 
tion of  the  first,  not  very  dissimilar  varieties. 

In  the  body  of  the  paper,  the  results  of  each  of  the  three  series  of 
analyses  are  arranged  in  Summary  Tables,  in  convenient  forma  for 
illustration,  and  they  are  given  more  fully  and  in  more  systematic 
form  in  the  Appendix-Tables  I — XV  (p.  80,  et  seq,),  as  under: — 

1.  The  analytical  results,  excluding  sand  and  charcoal,  calculated 

to  100.» 

2.  Each  constituent  calculated  per  1000  dry  matter  of  produce. 

3.  Each  constituent  calculated  per  acre,  actual  produce. 

The  method  of  preparing  the  ashes  is  as  follows  : — The  substance, 
generally  20  ounces  =  567  grams  of  wheat-grain,  and  12*5  ounces 
^  354  grams  of  wheat-straw,  is  burnt  on  platinum  sheets  turned 
up  at  the  sides  and  at  the  back,  thus  forming  dishes  about  12  inches 
long  and  4^  inches  wide.  These  are  heated  in  cast-iron  muffles, 
18  inches  long,  3|  inches  high,  and  5  inches  wide  at  the  bottom. 
Each  muffle,  which  has  a  flange  at  the  fore  part,  fits  exactly  into 
an  orifice  in  a  cast-iron  furnace  front ;  and  a  cast-iron  pipe  of  1^  inch 
bore  is  fixed  into  the  back  of  the  muffle,  and  passes  through  the 
cast-iron  furnace  back.  The  muffle  rests  on  a  fire  brick,  so  that 
the  fuel  is  in  direct  contact  only  with  its  sides  and  top,  chiefly  the 
latter,  thus  lessening  bottom  heat  and,  as  far  as  possible,  prevent- 
ing fusion.  By  this  arrangement,  the  access  of  dust  from  the 
fire  is  entirely  avoided ;  the  ash  is  burnt  by  surface,  not  by  bottom 
heat ;  the  access  of  air  is  free,  and  the  incineration  is  accomplished  at 
a  low  temperature.  Of  the  253  ash  analyses,  nine  have  been  made 
by  Mr.  F.  A.  Manning,  and  six  by  Mr.  R.  Warington.  The  whole  of 
the  remainder  (238)  have  been  executed  by  Mr.  R.  Richter;  the 
earlier  ones  in  the  Rothamsted  Laboratory,  and  the  later  in  his  own 
laboratory  at  Charlottenburg  (Berlin).  Mr.  Richter  has  in  fact  exe- 
cuted about  700  complete  analyses  of  the  ashes  of  various  products, 
animal  and  vegetable,  of  known  history,  prepared  at  Rothamsted.  He 

*  Where  duplicate  analyses  hare  been  made  the  mean  results  are  adopted. 
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has  also  conducted  numerons  iuvestigatioiis  of  mefcliod,  with  the  view 
to  teeting  the  limits  of  accuracy  of  previous  work,  and  to  attain 
greater  accnracj  in  future ;  and  in  the  course  of  these  inquiries  he 
has  analysed  mixtures  of  precipitates  obtained  in  precisely  the  same 
way  in  series  of  analyses,  to  determine  their  degree  of  purity,  and  so 
on.  It  is  not  intended  on  the  present  occasion  to  go  into  these 
loatters  of  detail,  which  of  themselves  would  supply  sufficient  material 
for  an  independent  paper.*  It  will  be  seen  that  Mr.  Bichter's  ezpe* 
rienoe  has  thus  been  very  great ;  and  independently  of  the  confidence 
in  the  results  which  our  knowledge  of  his  competency  and  con- 
scientiousness inspires,  their  consistency  with,  the  history  of  the 
specimens,  which  will  be  amply  illustrated  further  on,  can  leave  nO' 
donbt  of  their  trustworthiness  and  value.  On  this  point  it  should  be 
stated  in  justice  to  Mr.  Richter  that  all  the  ashes,  duplicates  included, 
have  been  supplied  to  him  under  consecutive  nutmbers,  without  any 
indication  as  to  the  history  of  the  specimens. 

First  Series  of  Analyses, 

In  our  former  paper,  above  referred  to,  analyses  of  the  grain-ash 
only,  from  the  produce  of  eight  of  the  differently  manured  plots  in  the 
first  season  1844,  of  seven  in  1845,  and  of  six  in  1846,  were  ^ven ;  and 
in  two  cases  duplicate  analyses  were  made,  making  in  all  23.  At  that 
time,  the  plan  of  applying  the  same  manure  to  the  same  plot  each  year 
had  not  been  fully  adopted ;  nor  were  the  straw-ashes  of  those  early 
years  analysed.  The  series  now  to  be  considered  includes  the  analyses 
of  both  grain-ash  and  straw-ash,  from  three  of  the  differently  manured 
plots,  in  each  of  16  consecutive  seasons,  commencing  with  the  fifth, 
1848,  and  ending  with  the  twentieth,  1863.  Two  of  the  three  plots 
have,  respectively,  been  under  the  same  treatment  from  the  first  year, 

*  It  may  here  be  remarked,  howerer,  that  the  first  and  second  series  of  analyses 
were  made  more  than  15  jean  ago,  since  which  time  there  has  been  much  discussion 
of  the  details  of  the  magnesium  method  for  the  determination  of  phosphoric  acid,  by 
which  process  nearly  the  whole  of  those  results  were  obtained.  It  is  now  generally 
admitted  that  the  conditions  of  experiment  then  recommended  by  the  highest 
authorities  are  liable  to  gire  high  results ;  and  Mr.  Richter*s  subsequent  inrcsti- 
gations  of  method  referred  to  above,  lead  him  to  the  same  conclusion.  The  actual 
results  obtained  are,  however,  in  all  cases  adopted ;  nor  would  any  of  the  conclu- 
nona  drawn  be  affected,  if  correction  had  been  made  in  accordance  with  the  indica- 
taons  of  the  subsequent  examinations  of  method.  It  should  be  further  stated  that 
indicationB  of  the  presence  of  mangsnese  in  probably  determinable  quantity  baring 
been  observed  in  some  wheat  grain-ashes,  some  quantitative  estimations  were  made, 
snd  the  amounts  found  corresponded  to  a  mean  of  0'26  per  cent.  MniOj.  The 
indieations  in  the  case  of  straw-ashes  have  not  been  such  as  to  lead  to  quantitative 
determinations  being  made ;  but  it  may  be  supposed  that  the  amount  of  manganese 
in  them  would  at  any  rate  not  be  less  than  in  the  grain -ashes. 
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1844,  and  the  thitd  has  been  sabfttasitmllj  so  from  the  seoond  year, 

1845,  as  explained  more  in  detail  below. 
The  three  plots  are : — 

Plot  2.  Farmyard  mannre,  14  tons  per  acre,  every  year  from  the 
CO  mmencement. 

Plot  3.  Unmannred,  every  year  from  the  commencement. 

Plot  10a.  First  year  (1844),  a  mineral  mannre  consisting  of  super- 
phosphate of  lime,  and  a  cmde  silicate  of  potash;  second  year, 
168  lbs.  snlphate,  and  168  lbs.  mnriate  of  ammonia  of  commerce,  per 
acre;  third  year,  224  lbs.  sulphate  of  ammonia;  fourth  and  fifth 
years,  150  lbs.  sulphate  and  150  lbs.  mnriate;  sixth  and  each  suc- 
ceeding year,  200  lbs.  sulphate  and  200  lbs.  mnriate  of  ammonia,  per 
acre  per  annum. 

The  conditions  of  growth,  so  far  as  the  supply  of  constituents  by 
manure  is  concerned),  vrere  therefore  very  widely  different  in  the  three 
cases.  Thus,  the  produce  of  Plot  2,  with  farmyard  mannre,  was 
grown  under  the  infl'uence  of  an  excessive  supply  both  of  nitrogen 
and  of  mineml)  or  ash-constituents ;  that  of  Plot  3,  unmannred,  under 
conditions  <of  exhaustion  of  both  nitrogen  and  ash-constituents ;  and 
that  of  Plot  10a  (receiving  ammonium-salts  alone),  with  an  excess  of 
supplied  nitrogen,  but  with  great  relative  deficiency  of  ash-constitu- 
ents. If,  therefore,  the  composition  of  the  ash  of  the  produce  is 
directly  affected  by  the  available  supply  of  ash-constituents  within 
the  soil,  we  should  expect  very  marked  differences  in  the  composition 
of  the  ash  in  the  three  cases. 

The  Appendix^-Tables  I,  II,  and  III  (pp.  80-85),  give  the  percentage 
composition  of  the  pure  grain-ash,  and  the  pure  straw-ash,  for  each  of 
the  16  consecutive  years :  I,  for  the  farmyard  manure  plot ;  II,  for  the 
unmannred  plot ;  and  III,  for  the  plot  with  ammonium -salts  alone. 
By  the  term  "  pure  **  ash  is  meant  the  ash  exclading  sand  and  char- 
coal. Referring  to  these  Appendix- Tables  for  the  full  details,  the 
results  will  be  discussed  chiefiy  by  the  aid  of  a  series  of  summary 
tables. 

The  following  summary  Table,  I,  brings  prominently  to  view  some 
important  facts,  and  indicates  some  important  conclusions.  There  is 
there  g^ven  for  each  of  the  three  differently  manured  plots,  the 
highest,  the  lowest,  and  the  mean  percentages  of  potash  and  phos- 
phoric acid,  in  the  grain-ash,  and  in  the  straw-ash,  in  the  16  consecu- 
tive years.  There  is  thus  shown  the  extreme  range  of  variation  in  the 
composition  of  the  ash  in  some  important  particulars,  with  the  same 
manure  in  very  various  seasons,  and  also  the  range  with  the  different 
manures.  It  may  be  observed  that  the  two  constituents  selected  for 
illustration  together  contribute  between  80  and  85  per  cent,  of  wheat 
grain-ash. 
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Table  I. 

Highest,  Lowest^  and  Mean  Peroentages  of  Potasli  and  Phosphoric 
Acid  in  the  Pure  Ash^  in  16  Consecntive  Seasons. 


Floto. 


MuilllM. 


Per  oeat  in  grain-ash. 


Highest. 


Lowest. 


Mean 
16  years. 


Per  cent,  in  straw-ash. 


Highest. 


Lowest. 


Mean 
16  jears. 


Potash, 


2 

8 

10a 


Farmjard  manure 
Unmanured   .... 
Ammonium-salts 
alone   


85-5 
85-5 

27-2 
29-7 

81-6 
88  0 

25-6 
20-7 

12-9 
10-6 

83-9 

28  1 

33-4. 

28-4 

10-5 

18-8 
14-6 

16-5 


PJiosphono  Acid. 


2 
3 

10a 


Farmjard  manure 
Unmanured    .... 
Ammonium-salts 
alone  


54-7 
52-6 

52-9 


47  1 
46*6 

43-4 


51-7 
49-7 

47-3 


6-21 
5-96 

4-84 


2-98 
2-98 

1-73 


3-79 
8*79 

8  09 


A  glance  at  the  table  shows  that  in  both  grain-ash  and  straw-ash 
there  is,  in  the  case  of  both  constitnents,  a  much  wider  range  of  varia- 
tion in  their  percentf^s^  in  the  ash  with  the  same  manure  in  different 
seasons,  than  there  is  in  the  mean  percentage  nnder  each  of  the  three 
rerj  charaoteristicallj  different  conditions  as  to  manuring. 

Thus,  the  percentages  of  potash  in  the  grain-ashes  in  the  16 
seasons  range — with  farmjard  manure,  from  35*5  to  27*2 ;  with- 
out manure,  from  35*5  to  29*7;  and  with  ammonium-salts  alooe, 
from  35*9  to  28*1.  But  the  mean  percentage  over  the  16  years  only 
ranges  between  31*6  with  farmyard  manure,  33*0  without  manure, 
and  83*4  with  ammonium-salts  alone.  The  amount  of  potash  in  the 
straw-ashes  shows  a  still  greater  range  in  different  seasons  with  the 
same  manure,  and  comparatively  small  differences  in  the  mean  per- 
centages under  the  influence  of  the  different  manures.  Thus,  the 
?ariation  in  the  percentage  of  potash  in  the  straw-ashes  according  to 
Reason  is — with  farmyard  manure,  from  25'6  to  12*9 ;  without  manure, 
from  20*7  to  10*5 ;  and  with  ammonium-salts  alone,  from  23'4  to  10*5 ; 
'whereas  the  difference  between  the  mean  percentages  over  the  16 
jeara  is,  under  the  three  different  conditions  as  to  manuring,  very 
much  less,  the  mean  amounts  being  with  farmyard  manure  18*3, 
without  manure  14*6,  and  with  the  ammonium-salts  16*5. 
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The  facts  relating  to  phosphoric  acid  are  equally  striking.  Thus, 
its  percentage  in  the  grain -ash  ranges,  according  to  season — with 
farmyard  manure,  from  54*7  to  47*1 ;  without  manure,  from  52' 6  to 
45*6 ;  and  with  ammonium-salts,  from  52*9  to  48*4 ;  but  the  differ- 
ence between  the  mean  percentages  under  each  condition  of  manuring 
over  the  16  years,  is  only  as  follows : — with  farmyard  manure  51*7, 
without  manure  49*7,  and  with  ammonium-salts  47*3.  Again,  the 
variation  in  the  percentage  of  phosphoric  acid  in  the  straw-ashes  is, 
according  to  season — with  farmyard  manure,  from  6*21  to  2*98 ;  with- 
out manure,  from  5*96  to  2*98 ;  and  with  ammonium-salts  alone,  from 
4*34  to  1*73 ;  whereas  the  mean  percentage  over  the  16  years  is — ^with 
farmyard  manure  3*79,  without  manure  3*79,  or  exactly  the  same  as 
with  farmyard  manure,  and  with  ammonium-salts  alone  3*09. 

With  both  potash  and  phosphoric  acid,  therefore,  there  is  very  great 
difference  in  the  percentage  in  the  ash  of  both  grain  and  straw, 
according  to  season,  and  very  much  less  difference  in  the  mean  per- 
centage according  to  manure.  With  few  exceptions,  a  similar  result 
is  observed  with  other  constituents. 

What  is  the  significance  of  these  facts  ?  In  the  first  place  it  is 
that  the  character  of  development  of  a  crop  left  to  ripen,  depends 
very  much  more  upon  season  than  upon  manuring.  Indeed,  if  one 
crop  (of  wheat  for  example)  g^ws  side  by  side  with  another  of  exactly 
the  same  description,  but  yielding  nnder  the  influence  of  manure  twice 
the  amount  of  produce,  and  both  under  such  conditions  of  season  that 
each  fully  and  normally  ripens,  the  composition  of  the  final  product, 
the  seed,  will  be  very  nearly  identical  in  the  two  cases.  In  other 
words,  there  is  scarcely  any  difference  in  the  composition  of  the  truly 
and  normally  ripened  seed.  But,  as  variations  of  season  affect  the 
character  of  development,  and  the  conditions  of  maturation,  there 
may  obviously  be,  with  these,  very  wide  differences  in  the  composi- 
tion of  the  product.  The  wide  range  in  the  composition  of  the  ash 
of  the  grain,  which  the  table  shows  according  to  season,  represents  in 
fact  a  corresponding  deviation  from  the  normal  development. 

It  should  be  noted  that  the  highest  and  the  lowest  percentages 
of  both  potash  and  phosphoric  acid  in  the  grain-ashes,  as  given  in 
the  tables,  are  in  the  produce  of  very  unfavourable  seasons,  thus 
further  showing  how  varied  are  the  characters  of  development  dependent 
on  the  varying  external  conditions  of  season.  In  the  case  of  the 
straw  ashes,  the  highest  percentages  of  potash  are  not,  but  the  lowest 
are,  in  the  produce  of  unfavourable  seasons;  and  the  highest  per- 
centages of  phosphoric  acid  are,  and  the  lowest  are  not,  in  unfavour- 
able seasons.  The  differences  between  the  grain-ashes  and  the  straw- 
ashes  in  these  respects  will  be  better  understood  as  we  proceed.  But 
it  may  be  remarked  in  passing  that  the  results  are  connected  with  the 
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facts  that  nnfayonrable  seed-forming  and  ripening  conditions  may 
saperrene  on  conditions  of  high  or  of  low  Inznriance,  that  is,  of  great 
or  limited  activity  of  accumulation  of  constituents  by  the  plant ;  or, 
on  the  other  hand,  favourable  seed-forming  aild  ripening  conditions 
may  supervene  on  very  various  conditions  as  to  previous  accumula- 
tion. 

Table  II  shows  tbe  variation  according  to  season  and  manure,  not 
in  the  percentage  composition  of  the  ash,  but  in  the  amount  of  potash 
and  phosphoric  acid  per  1000  dry  substance  of  tbe  grain  and  the 
straw  respectively.  This  mode  of  representation  obviously  brings 
more  prominently  to  view  the  variations  in  the  proportion  of  the  two 
ash-constituentB  to  the  organic  substance  produced. 


Table  II. 

Highest^  Lowest^  and  Mean  Amounts  of  Potash  and  Phosphoric  Acid 

per  1000  Dry  Substance. 


Hols. 


Manures. 


Per  1000  dry  grain. 


Highest. 


Lowest. 


Mean 
16  years. 


Per  1000  dry  straw. 


Highest. 


Lowest. 


Mean 
16  ^ears. 


Potash. 


2 
3 

10a 


Farmyard  manure 
Unmanured   .... 
Ammonium-ealis 
alone 


7-79 
8  38 

5-38 
6  01 

6-35 
6-62 

18-37 
14  16 

9  06 
6-96 

7-38 

6  15 

6  02 

18*24 

5  69 

11-91 
9-30 

8-71 


Phosphoric  Acid, 


2 
8 

10a 


Farmyard  mannie 
Unmanured    • . . 
Ammonium-salts 


alone 


11  10 
10-75 

9-65 
8-98 

10-44 
10  03 

4  12 
3-74 

1-49 
1-65 

10-03 

7-18 

8-54 

3-47 

0-93 

2-46 
2-42 

1-63 


It  is  here  seen  that  the  proportion  of  both  potash  and  phosphoric 
acid  to  the  organic  substance,  even  of  the  grain,  which,  if  normally 
ripened,  is  assumed  to  be  a  comparatively  uniform  product,  varies 
▼ety  considerably  according  to  season  ;  whilst,  at  any  rate  as  between 
the  grain  grown  by  farmyard  manure,  and  that  grown  without 
manure,  the  mean  proportion  over  the  16  years  differs  but  little. 
The  grain  grown  under  the  influence  of  the  ammonium-salts  alone, 
that  is,  as  will  afterwards  be  further  illustrated,  under  conditions  of 
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very  abnormal  mineral  exhaustion,  shows  not  only  a  wide  range  in  the 
proportions  of  both  potash  and  phosphoric  acid,  especially  the  latter, 
according  to  season,  bnt  much  lower  mean  amounts  than  either 
with  farmyard  mannre  or  withoat  manure.  In  the  straw,  the  range 
of  variation  is  seen  to  be  much  wider  still  according  to  season ;  and  it  is 
considerable  also  according  to  manure.  In  the  case  of  straw,  we  should 
not  expect  the  amounts  of  mineral  constituents  finally  retained  to 
bear  so  uniform  a  proportion  to  the  organic  substances  as  in  that  of 
the  grain.  Besides  the  amounts  of  mineral  constituents  that  may  be 
essential  to  the  organic  formations  of  the  straw  itself,  there  will  be  a 
Tariable  quantity  accumulated  in  the  plant,  and  not  finally  appro- 
priated by  the  seed. 

The  next  point  to  consider  is — ^what  is  the  connection  between 
high  or  low  amount  of  the  different  ash-constituents  and  the  quality 
of  the  produce  P  Table  III  (pp.  12-13)  is  arranged  to  illustrate  this. 
The  question  here  arises,  what  is  the  proper  measure  of  quality  of 
produce  P  So  far  as  the  grain  is  concerned,  the  weight  per  bushel, 
although  by  no  means  a  perfect  measure,  is  at  any  rate  the  best  single 
character  recognised  in  practice.  High  and  equal  weight,  or  low  and 
equal  weight,  may,  however,  respectively  be  accompanied  by  different 
characters  in  other  respects.  But  grain  of  high  weight  per  bushel 
would  be  classed  by  the  farmer  and  miller  as  of  good,  and  grain  of 
low  weight,  of  bad  quality.  It  is  to  be  regretted  that  the  average 
weight  of  a  given  number  of  seeds,  or  the  number  of  seeds  contribut- 
ing to  a  given  weight,  has  not  been  determined ;  but,  in  defect  of 
such  data,  we  adopt  weight  per  bushel  as  the  best  conventional 
measure  of  quality  at  our  command. 

The  produce  of  the  16  years  on  each  of  the  three  plots  is 
arranged  in  the  Table  (III),  in  the  order  of  highest  weight  per 
bushel ;  and  other  characters  which  have  also  to  be  taken  into  account, 
are  given  side  by  side.  Thus,  in  the  sacceeding  columns  of  the  table 
are  given,  the  quantity  of  grain  to  100  straw,  the  quantity  of  pro- 
duce (grain,  straw,  and  total)  per  acre  in  lbs. ;  and  the  p^xcentages  of 
pure  ash  and  of  nitrogen  in  the  dry  matter  of  the  grain.  Lastly,  in 
the  columns  to  the  right  of  those  showing  these  general  characters, 
are  recorded  the  percentages  of  some  selected  constituents  in  the  grain- 
ash  (pure),  and  the  proportion  of  the  same  constituents  in  1000  dry 
substance  of  the  grain.  The  upper  division  of  the  Table  gives  the 
results  for  the  produce  of  the  farmyard  manure  plot,  the  middle  divi- 
sion for  the  unmanured  plot,  and  the  lower  division  for  the  plot  with 
ammonium-salts  alone. 

The  Table  (III),  shows  that,  under  each  of  the  three  conditions 
as  to  manuring,  the  eight  seasons  of  higher  weight  per  bushel 
also  yield  on  the  average  a  higher  proportion  of  grain  to  straw, 
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and  higher  amounts  of  prodnce,  than  the  eight  of  lower  weight  per 
bushel.  But  although  there  is  with  high  average  weight  per  bushel 
of  the  grain,  this  general  tendency  to  higher  characters  of  produce  in 
other  respects,  the  coincidence  of  these  characters  is  very  far  from 
being  home  out  in  detail. 

Thus,  with  farmyard  manure,  the  season  giving  the  highest  weight 
per  bushel  (1849)  gives  considerably  less  than  the  average  amount 
per  acre  of  both  grain  and  straw,  especially  the  latter,  and  although 
high,  not  the  highest  proportion  of  grain  to  straw.  Again,  of  the 
three  years  of  highest  amonnt  of  total  prodnce,  1863,  1854,  and  1859, 
the  two  former  give  high  weight  per  bushel  of  grain,  but  1859  a 
very  low  weight  per  bushel.  The  fact  is,  as  already  alluded  to,  high 
character  of  grain,  as  indicated  by  high  weight  per  bushel,  which 
depends  on  favourable  ripening  and  harvest  weather,  may  supervene 
on  conditions  either  of  restricted  growth,  or  of  high  luxuriance — that 
is,  high  vegetative  activity  and  great  accumulation. 

Without  manure,  the  year  of  highest  weight  per  bushel  (1863)  is 
one  of  about  average  amount  of  produce  on  that  plot,  and  of  high,  but 
not  the  highest  proportion  of  g^in  to  straw. 

With  ammonium-salts  alone,  the  year  of  highest  weight  per  bushel 
(1863)  is  also  the  year  of  highest  total  produce,  and  of  nearly  the 
highest  proportion  of  grain  to  straw  with  that  manure. 

Again,  with  each  condition  as  to  manuring,  there  is  with  high 
quality  of  grain,  as  shown  by  high  weight  per  bushel,  a  general  and 
marked,  but  not  uniform  tendency  to  low  percentage  of  total  mineral 
constituents  (ash),  and  also  low  percentage  of  nitrogen,  in  the  dry 
substance  of  the  g^rain.  That  is  to  say,  the  higher  quality  of  the 
grain  is  connected  with  a  greater  accumulation  of  the  non-nitro- 
genous matters  primarily  derived  from  the  atmosphere,  in  proportion 
to  the  amounts  of  the  soil-derived  ash-constituents  and  the  nitrogen, 
which  have  been  stored  up.  In  fact,  in  comparable  cases,  high 
quality  of  grain  means  high  proportion  of  carbohydrates  (starch), 
and  coincidently  low  propoi*tion  of  nitrogenous  substances. 

As  there  is  lower  percentage  of  total  ash  with  higher  quality  of 
grain,  there  is  necessarily  a  lower  proportion  of  individual  mineral 
constituents  in  the  dry  substance.  Accordingly,  with  each  of  the 
three  conditions  as  to  manuring  there  is — taking  the  average  of  the 
eight  years  of  highest  weight  per  bushel — almost  without  exception  a 
lower  proportion  of  each  of  the  individual  mineral  constituents  in 
the  dry  substance  of  the  grain  than  on  the  average  of  the  eight 
years  of  lower  weight  per  bushel.  This  is  more  or  less  the  case 
with  lime,  magnesia,  potash  (soda),  phosphoric  acid  (sulphuric  acid), 
and  silica.  The  actual  amount  of  silica  is  in  all  cases  small;  but 
the   difference    in  the  amount  is  greater  than  that  of  any  of   the 
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Table  III. 

General  Characters  of  the  Produce ;  percentage  of  Selected  Constituents  in  the 

of  Qrain,     Harvests  in  order  of 


Harvests. 


Weight 

per 
bushel, 

IbB. 


Grain 
to  100 
straw. 


Produce, 
per  acre,  lbs. 


Grain. 


straw. 


Total. 


Per  cent,  in  dry 
matter. 


Nitrogen. 


Ash 
(pure). 


Percent  in  grain 
ash  (pure). 


Lime. 


Magnesia. 


Potash. 


tt 


1 

Ha 


^ 


.1849 

1851 

1863 

1868 

1854 

1856 

1860 

1862 

Mean  .. 

1861 

1867 

1866 

1848 

1862 

1869 

1860 

1868 


'Mean  ... 


.1868. 
1849. 
1861. 
1864. 
1860. 
1858. 
1866. 
1867. 


S   Mean  ... 

I 

eo 


1862 

1861 

1848 

1862 

1866 

1860 

1869 

1868 

^Mean  ... 


63-8 
68-6 
68-1 
62-6 
62-6 
62-0 
61-9 
61-0 

62-6 


60-6 

60-4 

68*6 

68*2 

68 

66 

66 

51 


•2 
•6 
•5 
•1 


67-4 


68-8 

2068 

3029 

5097 

66-2 

2049 

8094 

5148 

67-5 

2886 

4279 

7166 

66-5 

2612 

8837 

6349 

60-1 

2675 

4460 

7126 

68-2 

2287 

8846 

6082 

67-8 

1861 

3246 

5106 

68-8 

2447 

4196 

6642 

62*6 

2842 

3747 

6089 

71-0 

2202 

3101 

5308 

77-9 

2687 

8323 

5910 

52*8 

2277 

4817 

6694 

66-0 

1705 

3041 

4746 

49-6 

1716 

8467 

5178 

47-1 

2263 

4810 

7078 

64-2 

1864 

8440 

5804 

88-2 

1120 

3872 

4492 

64*6 

1967 

8607 

5674 

1-&8 


57 
62 


1-91 


1 
2 


70 
19 


1-86 
1-67 


1-73 


1*95 

1*97 

1-89 

1 

2 

2 

2 

1 


89 
02 
09 
00 
76 


1-96 


1-93 
1-93 
1-86 
2-04 
1*98 
2-08 


2 
1 


04 
99 


1*96 


•16 
•94 
•98 
•03 
1*98 
2-11 
-16 
•20 


2' 
1 
1 
2' 


2- 
2- 


2-06 


62-7 
61*4 
61-1 
60-6 
60-6 
60^4 
69-2 
68^3 


60*6 


67-8 
67-4 
67-3 
56*6 
64*8 
52-6 
62-5 
46-9 

64-3 


70-4 

1127 

76^1 

1229 

66-6 

1083 

63^6 

1369 

58-2 

1002 

68 '8 

1141 

60-0 

1072 

78*3 

1236 

67-4 

1156 

68*2 

996 

68-7 

736 

65-6 

952 

58-9 

860 

57^8 

892 

50-6 

738 

48  ^3 

1061 

26^4 

869 

51  •I 

823 

1600 
1614 
1627 
2137 
1719 
1670 
1787 
1677 


2727 
2848 
2710 
8496 
2721 
2811 
2869 
2818 


1716 


1713 
1264 
1712 
1697 
1668 
1469 
2176 
1418 

1610 


2872 


2709 
1990 
2664 
2457 
2450 
2197 
3226 
1772 

2483 


66 
78 
67 
92 


1-83 


1 
2 
1 


86 
14 
91 


1-84 


1^78 
2*04 
2^17 
2-08 
1-91 
1-92 
1^96 
2-09 

1^98 


1-95 
1*88 
1-94 
1-96 
2-02 
2-02 
2-02 


1-92 


1^96 


08 
19 
00 
08 
04 
16 
2-08 
2-36 


2 
2 
2 
2 
2 
2 
2 
2 


52 
-88 
84 
61 
46 
49 
80 
51 


2-58 


2 
2 
2 
2 
2 


52 
88 
58 
41 
79 


2-37 
2^78 
2-60 


2^61 


2-08 


2 
8 
2 
2 
2 
2 
2 
8 


66 
15 
98 
67 
98 
76 
64 
89 


2-90 


2-54 
2-68 
2-87 
2^87 
2-65 
2-71 
2-75 
3^09 

2^76 


10^6 
11  •! 
11-4 
11-2 
11*3 
11*0 
11-1 
11-1 


11-1 


10^8 
12^0 
11-7 
10*8 
12-8 
11*2 
10-1 
10-2 


11  •! 


10  ^9 
9^7 

10*2 

10-4 
9^9 

10-5 
9-9 

10  •& 


10^3 


10-2 
9*6 
10^4 
11-7 
10-8 
9-1 
11  •O 
10*3 

10-4 


88*1 
32-4 
31-6 
31*9 
82*0 
80*9 
31-4 
82*0 


81*9 


83^1 
29-8 
29*8 
80*2 
27*2 
81-2 
88  •& 
86*6 


81  •S 


82*8 
86  ^3 
84-7 
84*2 
83*0 
82*7 
88*9 
82*0 


88*6 


82*8 
84-4 
81-2 
29*7 
80-6 
88-6 
31-9 
86*6 

82* 


J 

a 
••• 

« 
S  ^ 


^ 


.1868... 
1849... 
1851... 
1864... 
1860... 
1868... 
1848.. 
1867... 

Mean 

1865... 
1862... 
1862... 
1866... 
1861... 
1869... 
I860.., 
1868... 

'Mean 


62*6 


•8 
•9 
•6 
•2 


62 

61 

60 

60' 

59  •& 

681 

68-0 

60*4 


57 
66 
56 
66 
66 
51 
49 
48 


74 
75 
64 
61 
56 


'8 
•1 
•0 
•5 
•7 


67-6 
66-3 
76^9 

66*2 


51 

56- 

47 

53 

44 

44- 

40-9 

31-3 


•2 
•2 
•8 
•4 
•2 
•2 


68-7 


46-7 


2687 
2141 
1966 
2211 
1721 
1439 
1334 
1816 

1902 

1285 

1467 

1820 

1605 

864 

1207 

905 

642 

1147 


8481 
2861 
8070 
8697 
8089 
2130 
2367 
2392 

2872 

2612 
2693 
2787 
2818 
1930 
2730 
2213 
2049 

2464 


6068 
4992 
5036 
5808 
4810 
3&69 
8701 
4208 

4774 

8797 
4050 
4107 
4828 
2784 
3937 
8118 
2691 

8601 


1 
1 
2 
2 
2 
2 
2 
2 


70 
95 
16 
80 
13 
28 
42 
08 


2*09 


2 
1 
2 
2 
2 
2 
2 


40 
89 
48 
28 
08 
80 
24 


2*43 
2*25 


P56 
1-67 
1-81 
1-72 
1^86 
1^90 
1^96 
1^68 

1-.74 

1^91 
1*84 
1^83 
•86 
•00 
1-86 
2*12 
1*98 


1 
2' 


8- 
8- 


85 
46 
8-61 
3-86 
3-68 
05 
22 
88 


8-68 

3^67 
3-64 


1*91 


8-61 
8^61 
3-47 
3-64 
3-41 
8*76 

8*56 


11 
10 
10 
10 
10 
10 


10-8 
11-7 

10-8 


10 
10 
12 
11 
10 
11 


-4 

7 
-7 
4 
■0 
-2 


9-1 
9-3 

10-6 


34^4 

86*6 

82*6 

36*8 

33' 

88 

80*6 

81-6 


•2 
•6 


88^4 


84- 
84- 

28- 

81 

85' 

32 

84*8 

86*9 


•7 
•2 
•1 
*9 
•5 
•7 


33*6 
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Table  III. 

Grain' Ash  (pnre),  and  amoant  of  the  Ash-Constitneuts  per  1000  Dry  Matter 
Highest  Weight  per  bnshel  of  Grain. 


Per  oent.  in  grain  a«h 
(pore). 

Per  1000  of  dry  matter  of  grain. 

Harvests. 

Phosphoric 
acML 

Solptauric 
acid. 

Silica. 

lime. 

Magneiia. 

Potash. 

Fhoephoric 
acid. 

Solphoric 
acid. 

SUica. 

50*8 

1-61 

0-68 

0-49 

2-03 

6-37 

9-7 

0-29 

0-10 

1849 

50-7 

0-92 

0-66 

0-66 

2*15 

6-25 

9-8 

0-18 

0-13 

1851 

S2-0 

0-93 

0-65 

0*43 

2-12 

6-85 

9-7 

0-17 

0-12 

1868 

51-9 

0-76 

0*49 

0-63 

2-28 

6-62 

10-6 

0*16 

0-10 

1868 

52-2 

0-47 

0-60 

0-49 

2-24 

6*34 

10-4 

0-09 

O'lO 

18.M 

5S-3 

0-03 

0-70 

0-62 

2*29 

6-43 

11  1 

0-01 

0-14 

1856 

S0-& 

1-42 

0-92 

0-67 

2-27 

6-41 

10*3 

0-29 

0  19 

1850 

51-6 

0-51 

0-83 

0-60 

2-22 

6-37 

10-3 

0*10 

0-16 

1862 

61-6 

0-83 

0-66 

0-61 

2-20 

6*30 

10-2 

0-16 

0-13 

Mean 

51-4 

1-01 

0-80 

0-64 

2-21 

7 '12 

11-1 

0-22 

0-11 

1861 

52  •& 

0-46 

0-49 

0-86 

2-32 

6-79 

10-2 

0-09 

0-10 

1857 

54-2 

0-23 

0'75 

0*50 

2-32 

6-80 

10-7 

0-06 

0-16 

1856 

62-7 

0-56 

1-66 

0-49 

2-19 

6-11 

10-7 

0-11 

0-32 

1848 

54-7 

0-14 

0-99 

0-55 

2-63 

5-38 

10-8 

0-03 

0-20 

1852 

52*6 

0-51 

0-80 

0-50 

2*36 

6*58 

11-1 

0-11 

0-17 

1869 

49-4 

0-87 

1-28 

0-60 

2-18 

7-27 

10-7 

0-19 

0-27 

1860 

47-1 

2-35 

0*93 

0-67 

2-23 

7-79 

10-3 

0-62 

0-20 

1863 

51-8 

0-76 

0*91 

0-54 

2-29 

6-40 

10-7 

0-14 

0-18 

Mean 

61  «6 

0-67 

0-59 

0-52 

2-12 

6-28 

10-0 

0-18 

0-12 

1863 

47-7 

1-83 

0-74 

0*69 

1-83 

6-65 

9-0 

0-34 

0-14 

1849 

49-1 

1-13 

0-72 

0-68 

1-97 

6-75 

9-6 

0-22 

0-14 

1851 

49-4 

1-66 

0-46 

0-62 

2-04 

6-67 

9-6 

0-31 

0-09 

1854 

49-7 

1-14 

1-11 

0-60 

1-99 

6-65 

10-0 

0-23 

0-23 

1860 

50-9 

0*66 

0-97 

0-66 

2-12 

6-61 

10*3 

0-18 

0-20 

1858 

60-8 

0-66 

0-92 

0-63 

2-01 

6-86 

10-3 

0-13 

0-19 

1856 

ao-0 

1-28 

0-97 

0-66 

2-08 

6-16 

9-6 

0-26 

0-19 

1867 

49-9 

1-12 

0-81 

0-67 

2-02 

6-56 

9*8 

0-23 

0-16 

Mean 

49*6 

1-60 

1-18 

0-61 

2*08 

6-66 

10-1 

0-38 

0-24 

1862 

47-5 

1-66 

2-61 

0-69 

2-09 

7-54 

10-4 

0-36 

0-66 

1861 

51*4 

0-79 

1-34 

0-57 

2-07 

6-26 

10-3 

0*16 

0-27 

1848 

51-8 

0-99 

1-81 

0-68 

2-36 

6-01 

10-6 

0-20 

0-27 

1852 

68 -6 

1-06 

1-00 

0-62 

2-19 

6-23 

10-7 

0-22 

0-20 

1866 

47-4 

2-21 

2-37 

0*59 

1-98 

7-26 

10-3 

0*48 

0-51 

1860 

60-6 

1-25 

1-06 

0-67 

2-28 

6*64 

10-5 

0*26 

0-22 

1869 

45-6 

2*40 

1-26 

0-73 

2-43 

8-38 

10*8 

0-57 

0-30 

1863 

49*6 

1-60 

1-60 

0-68 

2-17 

6-70 

10-4 

0*29 

0-30 

Mean 

46-0 

2-37 

0-86 

0-60 

1-76 

6-37 

7-2 

0-37 

0*18 

1863 

45-9 

2-70 

0*86 

0*68 

1-72 

5*93 

7-7 

0*46 

0*14 

1849 

49-6 

1*46 

0-64 

0*64 

1-98 

6-89 

9-0 

0*26 

0*11 

1851 

46-1 

2-23 

0-72 

0-58 

1-74 

6*16 

7-9 

0-38 

0-12 

1854 

49-2 

1-64 

0-60 

0-68 

1-99 

6*18 

9-2 

0-29 

0-11 

1850 

46-7 

2-78 

1-01 

0-77 

1-99 

6*86 

8-9 

0-63 

0-19 

1858 

51-8 

0-78 

1-42 

0-63 

2-11 

6-98 

10-0 

0-16 

0-28 

1848 

47-0 

2-12 

1-51 

0-72 

1-90 

6*16 

7-7 

0*84 

0*25 

1857 

47-7 

2-00 

0*96 

0-64 

1-87 

6*84 

8-3 

0-36 

0*16 

Mean 

47-6 

1-58 

0-97 

0-68 

1-97 

6-61 

9-1 

0-30 

0*18 

1855 

44-8 

2-91 

1-80 

0-66 

1-98 

6-30 

8-2 

0-64 

0*33 

1862 

52-9 

0-61 

1-04 

0-64 

2 '83 

6-15 

9-7 

0-11 

0*19 

1852 

601 

1-00 

111 

0-67 

2-11 

5 -88 

9-8 

0-19 

0*20 

1866 

44-6 

2-63 

1-68 

0-69 

2-00 

7-12 

8-9 

0-63 

0-34 

1861 

47-2 

2-36 

1-17 

0-68 

2-09 

6-09 

8-8 

0-44 

0*22 

1859 

48-4 

3-67 

2-60 

0-72 

1-94 

7-38 

9-2 

0-76 

0'55 

1860 

44-7 

2-46 

1-82 

0-74 

1-86 

7-09 
6-32 

8-8 

0*49 

0-36 

1858 

46-8 

2-14 

1-62 

0-68 

2-06 

9-0 

0-39 

0*28 

Mean 
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other  constituents ;  being,  without  manure,  and  with  ammonium-salts 
alone,  nearly  twice  as  high  on  the  average  of  the  eight  years  of  low 
quality  of  grain  as  over  the  eight  of  higher  quality.  It  is,  moreover, 
remarkable  that  the  grain  grown  by  farmyard  manure,  which  supplies 
a  large  amount  of  available  silica,  shows  a  smaller  proportion  of  it 
in  its  dry  substance  than  that  grown  either  without  manure  or  by 
ammonium-salts  alone. 

It  may  here  be  observed  that  the  higher  proportion  of  silica  in  the 
dry  substance  with  lower  conditions  of  maturation  of  the  produce,  is 
very  marked  in  the  case  of  the  straw  also.  Thus,  with  farmyard 
manure,  the  average  proportion  of  silica  per  1000  dry  substance  of  the 
straw  is  41*7  over  the  eight  years  of  highest  maturation,  and  over  the 
eight  of  lowest  maturation  44*6  ;  without  manure,  with  the  years  of  best 
ripening,  it  is  42'7,  and  witk  those  of  the  worst  ripening  47*5  ;  and 
with  the  ammonium-salts  alone  it  is  32*1  over  the  eight  best,  and  37*3 
over  the  eight  worst  seasons. 

This  result  is  quite  inconsistent  with  the  usually  accepted  view 
that  high  quality  and  stiffness  of  straw  depend  on  high  amount 
of  silica.  Pierre  and  Bretschneider  have,  however,  concluded  from 
their  experiments  that  this  is  not  the  case,  and  we  have  ourselves 
long  maintained  a  contrary  view.  In  fact,  high  proportion  of 
silica  means  relatively  low  proportion  of  organic  substance  pro- 
duced. Nor  can  there  be  any  doubt  that  strength  of  straw  depends 
on  favourable  development  of  the  woody  substance;  and  the  more 
this  obtains  the  more  will  the  accumulated  silica  be,  so  to  speak, 
diluted — in  other  words,  show  a  lower  proportion  to  the  organic 
substance.  Further  evidence  will  be  adduced  on  this  point  as  we 
proceed.  It  may  be  mentioned,  however,  that  in  this  neigh- 
bourhood, where  the  straw-plait  industry  prevails,  the  complaint 
during  the  last  few  seasons  of  bad  harvests  has  been  that  an 
unusually  large  proportion  of  the  straw  is  brittle  and  breaks  in  the 
working ;  and  considering  the  character  of  the  seasons  there  can  be 
no  doubt  that  this  is  associated  with  low  development  of  the  woody 
matter  and  high  proportion  of  silica. 

It  will  be  well  to  go  a  little  more  into  detail  in  reference  to  other 
individual  mineral  constituents;  and  first  as  to  the  proportion  of 
potash  in  the  dry  substance  of  the  grain  in  the  different  seasons. 

With  each  condition  as  to  manuring,  there  is  not  only  a  lower 
average  proportion  of  potash,  but  a  much  greater  uniformity  in  the 
proportion,  in  the  eight  seasons  of  higher,  than  in  the  eight  of  lower 
quality  of  grain.  The  chief  exceptions  to  uniformity  in  the  eight 
years  of  higher  quality  are,  with  farmyard  manure  in  1863,  without 
manure  in  1863  and  1857,  and  with  ammonium-salts  again  in  1863 
and  1857.     In  these  years  the  proportion  of  potash  was,  though  not 
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actnaUj  the  lowest  in  the  16  years,  considerably  below  the  average. 
The  season  of  1863,  which  shows  a  low  proportion  of  potash  nnder 
each  of  the  three  conditions  as  to  manuring,  was  not  only  the  one 
of  the  greatest  Inxuriance,  as  shown  by  the  yield  of  total  produce 
(grain  and  straw),  bnt  it  was  the  one  of  highest  produce  of  grain 
throughout  the  40  years  of  the  experiments  1844  to  1883  inclusive, 
both  in  the  experimental  field  and  in  the  country  at  large.  The 
other  season  of  low  proportion  of  potash  in  the  grain,  1857,  was  one 
of  lower  than  average  growth  of  straw  ;  but,  owing  to  high  summer 
temperature  and  less  than  the  average  fall  of  rain,  the  season  was  very 
fifcvourable  for  seed-formation ;  but  with  some  excess  of  rain  about 
harvest  time  the  weight  per  bushel  was  low.  Both  these  seasons  of 
low  proportion  of  potash  were  therefore  seasons  of  high  grain  pro- 
dnctiTeness,  and  the  low  proportion  of  potash  is  due,  not  to  deficiency 
of  potash,  but  to  high  accumulation  of  organic  substance.  In  fact  in 
1863,  the  quantity  of  potash  per  acre  in  the  total  crop,  under  each 
condition  of  manuring,  was  more  than  over  the  arerage  of  seasons  ; 
and  in  1857  the  quantity  per  acre  in  the  grain  was  more  than  in  the 
grain  on  the  average  of  seasons. 

Yery  different,  however,  were  the  conditions  of  season,  and  of  crop, 
under  which  absolutely  the  lowest  proportion  of  potash  in  the  grain 
throughout  the  16  years  was  found.  With  each  condition  as  to 
manuring,  the  actually  lowest  proportion  of  potash  in  the  dry  sub- 
stance of  the  gi*ain  was  in  1852,  which  yielded  less  than  the  average 
amount  of  both  grain  and  straw,  lower  than  average  proportion  of 
grain  to  straw,  and  grain  of  very  low  weight  per  bushel.  The  spring 
had  been  dry,  cold,  and  backward,  the  early  summer  rainy  and  cold, 
and  the  seed-forming  and  maturing  period  variable,  with  a  good  deal 
of  hot  weather,  but  some  heavy  storms.  Here  then  the  low  proportion 
of  potash  in  the  grain  (and  it  was  very  low  in  the  straw  also,  even  on 
the  farmyard  manure  plot)  was  due  to  defective  conditions  of  season, 
for  growth,  for  seed-formation,  and  for  maturation. 

It  is  remarkable  that  whilst  it  is  with  good  seasons  that  we  have  a 
comparatively  uniform  and  low  proportion  of  potash  in  the  dry  sub- 
stance of  the  grain,  it  is  with  a  very  bad  season  that  we  have  actually 
the  lowest  proportion ;  and  it  is  again  in  nearly  the  worst  season  of 
our  whole  series  of  40  years  that  there  is  actually  the  highest  propor- 
tion of  potash  in  the  dry  substance.  Thus,  in  1853  we  have,  with 
&nnyard  manure  and  vrithout  manure,  the  highest,  and  with 
ammonium-salts  alone,  very  high  proportion  of  potash  in  the  grain, 
with  at  the  same  time  the  lowest  amount  of  produce,  the  lowest  pro- 
portion of  grain  to  straw,  and  the  lowest  weight  per  bushel  of  grain 
throughout  the  16  years.  The  conditions  of  growth  were  that,  owing 
to  an  extremely  wet  autumn  and  winter,  the  seed  could  not  be  sown 
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until  the  spring  ;  the  spring  was  nnseasonably  cold  and  wet,  and  the 
summer  colder  than  the  average,  and  very  wet.  The  high  proportion 
of  potash  was  thns  due  to  defective  accumulation  of  organic  substance 
under  the  influence  of  unfavourable  climatic  conditions. 

These  details  as  to  the  proportion  of  potash  ici  the  dry  substance  of 
the  grain  illustrate  in  a  very  striking  manner  the  greater  influence  of 
season  than  of  manuring  on  the  mineral  composition  of  the  grain. 
With  favourable  seasons  there  is  comparatively  little  variation ;  but 
with  unfavourable  seasons  there  is  very  great  variation,  sometimes 
much  lower,  but  sometimes  much  higher,  and  on  the  average  higher 
proportions  of  potash  than  in  favourable  seasons.  Nor  is  there  evi- 
dence that  there  is,  comparing  one  season  with  another,  high  propor- 
tion of  either  lime,  magnesia,  or  soda,  with  low  proportion  of  potash, 
or  vice  versa.  Comparing  the  average  results  of  one  plot  with  those 
of  another,  however,  there  is,  with  the  small  produce  without  manure, 
even  a  rather  higher  proportion  of  both  potash  and  lime,  but  lower  of 
magnesia  than  with  farmyard  manure.  With  ammonium-salts  alone, 
on  the  other  hand,  where  there  is  great  exhaustion  of  mineral  con- 
stituents having  regard  to  the  amount  of  crop  grown,  there  is  a 
distinctly  lower  average  proportion  of  both  potash  and  magnesia,  and 
a  rather  high  proportion  of  lime.  The  conclusion  is,  that  with  normal 
maturation  there  is  nearly  uniform  composition,  and  that  the  devia- 
tions from  normal  mineral  composition  are  associated  with  deviations 
from  normal  development  of  the  organic  substance. 

It  will  be  well  to  call  attention,  though  more  briefly,  to  the  connec- 
tion between  the  character  of  the  produce  and  the  proportion  of 
phosphoric  acid  it  contains.  As  with  potash,  so  also  with  phosphoric 
acid,  there  is  with  each*  of  the  three  conditions  as  to  manuring,  a 
lower  average  proportion  in  the  dry  substance  of  the  grain  over  the 
eight  better,  than  over  the  eight  worse  seasons ;  and  the  proportion  is 
generally  the  lowest  in  the  individual  seasons  of  high  quality  of 
grain.  There  is,  however,  with  lower  average  and  lower  individual 
proportions  of  phosphoric  acid  in  the  better  seasons,  a  wider  range  of 
variation  than  in  the  seasons  of  lower  quality  of  grain ;  and  also  a 
wider  range  of  variation  than  in  the  case  of  the  potash.  In  the  case 
of  the  farmyard  manure  plot  at  any  rate,  it  cannot  be  supposed  that 
the  low  proportions  of  phosphoric  acid  in  the  dry  substance  of  the 
grain  of  the  better  seasons  are  due  to  deficient  supply.  The  indica- 
tion is  indeed,  as  with  the  potash,  that  the  low  proportion  with  high 
quality  of  grain  is  the  result  of  enhanced  accumulation  of  organic  sub- 
stance, by  which  the  proportion  of  the  mineral  constituents  is  reduced. 
On  this  view,  a  relatively  low  proportion  of  any  one  constituent  may 
be  dne  to  its  favourable  action,  and  will  by  no  means  necessarily  imply 
either  deficient  supply,  or  that  it  has  been  without  beneficial  effect. 
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Comparing,  howerer,  the  resiilts  for  the  three  different  plots  with 
one  another,  the  question  of  supply  or  exhaustion  obviouslj  comes  in.. 
It  is  seen  that  the  proportion  of  phosphoric  acid  in  the  dry  substance 
of  the  grain  is  lower  without  manure  than  with  farmyajxl  manure, 
and  much  lower  still  with  ammonium-salts  alone.  Other  evidence 
%ill  be  given  further  on,  showing  that  with  ammonium-salts  alone  there 
was  doubtless  very  abnormal  exhaustion  of  phosphoric  add.  Further, 
tiiere  is  nnmistakeable  evidence  of  increase  in  the  proportion  of  sul- 
phuric acid  with  the  decrease  in  that  of  phosphoric  acid,  though  not 
in  amount  to  compensate  for  the  deficiency. 

The  question  here  arises,  how  far  the  phosphoric  acid  and  sulphuric 
acid  found  in  the  ash  are  due  to  the  oxidation  of  phosphorus  and 
sulphur  in  the  burning?  The  evidence  at  command  leads  to  the  con- 
clusion that  the  existing  phosphorus  and  sulphur  are  at  any  rate  only 
in  part  so  oxidated.  On  the  other  hand^  the  evidence  goes  to  show 
thivt  sulphuric  acid  is  liable  to  be  expelled  in  the  incineration,  in 
presence  of  acid  phosphates,  or  much  silica,  or  to  be  reduced  by 
charcoal  if  there  be  not  sufficiently  free  access  of  air.  In  the  method 
of  burning  adopted  at  Bothamsted,  there  is  probably  a  minimum 
liability  to  loss  from  such  reduction.  As  bearing  upon  the  question 
of  the  probability  of  loss  of  sulphuric  acid  (and  chlorine)  by  expuU 
sion  in  presence  of  acid  phosphates  or  silica,  it  may  be  mentioned 
that,  excluding  the  ferric  oxide-  on  the  one  hand,  and  the  silica  on  the 
other,  and  calculating  the  whole  of  the  phosphoric  acid  as  tribasic, 
the  grain-ashes  show  more  than  onc-and  a  half  time  as  much  acid  as 
base ;  and  even  calculating  the  whole  of  the  phosphoric  acid,  whether 
combined  with  alkalis  or  earths^  as  only  bibasic,  there  is  still  an  excess 
of  acid.  On  the  other  hand,  the  straw-ashes,  calculated  in  the  same 
way,  show  a  considerable  excess  of  base,  even  when  the  whole  of 
the  phosphoric  acid  is  reckoned  as  tribasic ;  but  they  contain  more 
than  60  per  cent,  of  silica.  The*  question  arises,  therefore,  whether 
carbonic  acid  (from  organic  acids  or  carbonates  as  sach),  and 
some  sulphuric  acid  and  chlorine,  have  not  been  expelled  in  the 
burning ;  in  the  case  of  the  grain-ashes,  in  the  presence  of  acid  phos* 
phates,  and  in  that  of  the  straw-ashes,  in  the  presence  of  an  excess  of 
silica. 

Referring  to  the  control  of  ash-analyses,  Bunsen  maintains  that  by 
treating  the  ash  with  carbonic  add,  and  subsequent  evaporation,  all 
the  bases  present  are  converted  into  neutral  salts;  and  that  the 
results  of  the  analysis  can  only  be  considered  satisfactory,  when  the 
Bum  of  the  quotients  obtained  by  dividing  the  weights  of  the  indivi- 
dual bases  by  thdr  equivalent  weights,  is  very  approximately  equal  to 
the  sum  of  the  quotients  of  the  amounts  of  the  acids  found,  divided  by 
their  equivalents,    Li  other  words,  acids  and  bases  must  stand  in 
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finch  relation  to  one  another  as  to  form  neutral  salts  withoat  leaving 
any  residue. 

It  seems  diffioalt  to  suppose  that  the  analyses  of  the  ashes  of  wheat- 
Ifrain  and  wheat-straw,  such  as  those  recorded  in  this  paper,  could  be 
so  proved  to  be  correct.  Thus,  in  the  case  of  the  grain-ashes,  the  basicity 
of  the  phosphoric  acid  must  be  calculated  as  may  be  required  to  give 
neutral  salts ;  and  in  the  case  of  the  straw-ashes  as  much  of  the  silica 
us  may  be  required  must  be  brought  in. 

Unfortunately  we  haye  not  complete  analyses  of  the  ash  of  the 
separate  mill-products  of  wheat-grain,  but  in  our  former  paper  (this 
Journal,  1857)  we  gave  the  amounts  of  nitrogen,  and  of  total  ash,  in 
some  series  of  such  products,  and  the  amount  of  phosphoric  acid  and 
magnesia  in  selected  cases.  Dempwolf  has,  however,  given  most  of 
the  constituents  in  a  complete  series  of  mill-products  (Ann.  Ohem, 
Pharm,,  1869,  149,  348),  and  so  far  as  the  constituents,  nitrogen, 
phosphoric  acid,  and  magnesia,  which  we  also  determined,  are  con- 
cerned, his  results  and  our  own  are  generally  accordant.  Within  the 
range  of  the  white  flours,  there  is  very  generally  a  slight  increase  in 
the  percentage  of  nitrogen  proceeding  from  the  finer  to  the  coarser. 
There  in  a  more  marked  increase  in  the  percentage  of  nitrogen  in  the 
'more  branny  products,  though  it  is  not  quite  so  high  in  the  purest 
bran  as  In  the  products  next  aboTO  it  in  the  series;  the  greatest 
concentration  of  nitrogenoos  substances  being  immediately  below  the 
pericarp  itself. 

Referring  to  the  distribution  el  the  several  ash- constituents,  it  may 
be  stated  that,  according  to  the  data  referred  to,  the  amount  of  potash 
and  of  lime  in  proportion  to  a  given  weight  of  organic  substance 
increases  somewhat  more  rapidly  than  does  that  of  the  nitrogen, 
proceeding  from  the  finer  to  the  coarser  white  flours,  that  of  magnesia 
does  so  in  a  greater  degree  still,  and  that  of  the  phosphoric  acid  in 
about  the  same  degree  as  the  potash.  The  proportion  of  all  the  con- 
stituents mentioned  is  very  much  greater  in  the  more  branny  portions. 
Thus,  the  proportion  of  potash  is  about  10  times  as  high  in  the  dry 
-substance  of  the  bran  as  in  that  of  the  finer  flours ;  the  proportion  of 
lime  is  4  or  5  times  as  high ;  that  of  magnesia  15  to  20  times,  and 
that  of  phosphoric  acid  more  than  10  times  as  high.  Our  own  ex- 
periments showed  about  15  times  as  much  magnesia,  and  about  10 
times  as  much  phosphoric  acid  in  the  dry  substance  of  the  bran  as  in 
that  of  the  white  flours.  Again,  experiments  of  W.  Mayer  (Ann, 
Ohem.  Pharm,,  1857)  showed  about  14  times  as  much  phosphoric  acid 
in  the  dry  substance  of  bran  as  in  that  of  the  finest  flour. 

In  fact  the  more  the  cereal  grain,  which  is  characteristically  a 
starchy  product,  is  perfectly  matured,  the  higher  will  be  the  propor- 
tion of  flour,  as  a  rule  the  lower  will  be  the  proportion  of  nitrogenous 


ASH  OF  WHEAT-GRAIN  AND  WHEAT-STRAW.  19 

aubcftances,  the  lower  thai  of  the  bran,  and  the  higher  that  of  starch. 
It  is  obyioos  from  the  facts  quoted  above,  that  the  more  these  charac- 
ters are  dereloped,  the  lower  should  be  the  proportion  of  the  mineral 
conatitnents  in  the  total  grain ;  and  the  resnlts  which  have  been  dis- 
enased  have  consistently  shown  a  lower  proportion  of  mineral  consti- 
tuents in  the  produce  of  the  seasons  of  favoorable  maturation. 

Table  III  (pp.  12 — 13)  also  shows,  as  has  been  referred  to,  a  gene- 
ndlj  lower  percentage  of  nitrogen  in  the  better  matured  grains,  that 
is,  in  those  in  which  more  starch  has  been  accumulated.  In  reference 
to  this  point,  it  may  be  stated  that  in  1847  we  took  samples  of  a 
growing  wheat  crop  at  different  stages  of  its  progress,  commencing 
on  Jane  21,  and  determined  the  dry  matter,  ash,  and  nitrogen  in  them. 
Calculation  of  the  results  showed  that  whilst  during  little  more  than 
five  weeks  from  Jane  21,  there  was  comparatively  little  increase  in 
the  amount  of  nitrogen  accumulated  over  a  given  area,  more  than 
half  the  total  carbon  of  the  crop  was  accumulated  during  that  period. 
Consistently  with  this.  Professor  A.  G.  Kedsie,  and  the  late  Professor 
K.  F.  Kedsie  have  recently  shown  by  a  series  of  experiments  in  which 
they  partially  analysed  samples  of  a  wheat  crop  cut  on  21  consecutive 
days,  commencing  June  26, 1879,  that  with  increase  in  the  weight  of 
the  kernels  there  was,  especially  in  the  earlier  stages,  a  decrease  in  the 
percentages  of  nitrogen,  cellulose,  and  mineral  matter;  whilst  calcu- 
lated per  acre  at  the  different  periods,  there  was  an  increase  in  the 
actual  amount  of  nitrogen  stored  up  over  a  given  area  up  to  a  given 
point,  but  a  considerably  greater  increase  in  the  quantity  of  carbo- 
hydrates accumulated  in  the  same  time  over  the  same  area. 

Again,  in  a  very  comprehensive  investigation  of  the  composition  of 
American  wheats,'  conducted  by  Mr.  Clifford  Richardson,  under  the 
auspices  of  the  Department  of  Agriculture  at  Washington,  he  finds  a 
generally  low  average  percentage  of  albuminoids  in  American  as  com- 
pared with  European  wheats ;  and  he  concludes  that  this  is  indication 
of  inferiority  of  quality,  in  many  cases  due  to  deficient  supply  of 
nitrogen  by  the  soil.  It  is  more  probably  due  to  enhanced  formation 
of  starch  under  the  influence  of  high  ripening  temperature.  In  our 
former  paper,  we  discussed  the  point  as  far  as  the  data  then  at  com- 
mand permitted,  and  we  concluded  that  high  percentage  of  total 
nitrugenous  substance  was  by  no  means  a  characteristic  of  the  wheats 
held  in  the  highest  estimation  either  by  the  miller  or  the  baker ;  and 
that  so  far  as  both  the  baker  and  the  consumer  are  concerned,  the 
condition  of  the  nitrogenous  matters  is  of  more  importance  than  their 
total  amount.  Comparing  one  description  of  wheat  with  another,  the 
one  with  a  relatively  high  percentage  of  nitrogen  may  be  the  better, 
provided  the  grain  be  at  the  same  time  folly  ripened,  and  not  too 
homy.     But  when  the  percentage  exceeds  a  certain  limit,  the  grain  is 
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generallj  either  too  bard,  or  there  is  deficient  storing  up  of  staroh, 
and  an  unfavoarable  condition  of  the  nitrogenous  substances.  In 
fact,  comparing  the  g^n  grown  from  the  same  description  of  seed, 
but  on  different  soils,  or  in  different  seasons,  high  percentage  of  total 
nitrogenous  matter  is  almost  invanablj  coincident  with  inferior 
maturation. 

The  next  point  to  consider  is  the  bearing  of  the  results  relating  to 
the  tbree  plots,  as  to  the  influence  of  full  supply  or  of  exhaustion  on 
the  mineral  composition  of  the  grain. 

Table  lY  (pp.  22 — 23)  shows  the  average  amounts  obtained  per  acre, 
of  grain,  straw,  and  total  produce,  also  of  nitrogen,  ash,  and  each 
mineral  constituent  in  them,  over  the  first  eight,  the  second  eight,  and 
the  sixteen  years,  under  each  of  the  three  conditions  as  to  manuring. 

Table  Y  (pp.  24 — 25)  shows  the  quantity  of  nitrogen,  pure  ash,  and 
each  ash-constituent,  per  1000  dry  metier  of  produce  (grain,  straw, 
and  total)  over  the  first  eight,  the  second  eight,  and  the  sixteen  years 
respectively,  for  each  of  the  three  plots. 

It  is  difficult  to  say  whether  the  first  eight  or  tbe  second  eight 
seasons  were  on  the  average  the  more  favourable  for  the  crop.  The 
first  eight  included  perhaps  more  fairly  good,  and  one  or  two  very 
good  seasons,  but  two  very  bad  ones ;  whilst  the  second  eight  included 
the  best  season  of  the  sixteen — ^indeed  of  the  forty  up  to  the  present 
time,  some  others  of  more  than  average  favourable  character,  and  only 
one  exceptionally  bad  one.  Under  these  circumstances,  farmyard 
manure,  with  its  annual  accumulation,  yielded  more  grain,  more 
straw,  and  considerably  more  of  both  nitrogen  and  total  mineral 
matter,  over  the  second  than  over  the  first  eight  years.  Without 
manure,  there  was  almost  identically  the  same  amount  of  grain,  rather 
less  straw,  and  rather  less  both  of  nitrogen  and  of  mineral  matter, 
over  the  second  eight  years.  With  ammonium-salts  alone,  with 
gi*eat  relative  deficiency  of  mineral  supply,  there  was  less  com,  less 
straw,  less  mineral  matter,  and  in  a  more  marked  degree  less  nitrogen 
in  the  crops,  over  the  second  eight  years.  It  is  to  be  observed  that 
there  was  this  deficiency  of  nitrogen  in  the  crop  over  the  later  period, 
notwithstanding  a  great  excess  was  annually  supplied  by  manure. 

The  average  quantities  of  total  mineral  constituents  yielded  per 

acre  per  annum  over  the  sixteen  years,  on  the  three  plots,  were  aa 

follows ; — 

In  grain.     In  straw.       Total, 
lbs.  lbs.  lbs. 

By  farmyard  manure    36-3        201-1        237-4 

Without  manure    16*6  89*5        1061 

With  ammonium-salts  alone*  •     230        119*2        142*2 

Thus,  considerably  more  total  mineral  matter  is  taken  up  under  the 
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'  infliience  of  the  ammonium-salts  than  without  manure,  but  more  than 
twice  as  much  is  taken  up  under  the  induence  of  farmyard  manui*e  as 
without  manure.  The  last  three  columns  of  Table  IV  show  a  con- 
siderable increase  in  the  amount  of  every  constituent  taken  up  under 
the  influence  of  the  ammonium-salts,  and  a  still  greater  increase 
(excepting  of  soda)  with  the  farmyard  manure.  The  greatest  pro- 
portional increase  of  constituents  taken  up  on  the  ammonium-salts 
plot  is  in  the  lime,  potash,  magnesia,  soda,  sulphuric  acid,  and  chlorine, 
and  the  least  in  phosphoric  acid.  With  farmyard  manure,  by  far  the 
g^reatest  increase  is  in  the  potash,  which  is  more  than  two  and  a  half 
times  as  much  as  without  manure ;  there  is  also  about  twice  as  much 
magnesia,  and  more  than  twice  as  much  lime,  phosphoric  acid,  sul- 
phuric acid,  soda,  and  silica,  and  nearly  four  times  as  much  chlorine. 

Comparing  on  each  plot  the  yield  over  the  second  eight  years  with 
that  over  the  first  eight,  without  manure  the  produce  of  grain  contains 
nearly  identical  amounts  of  each  ash-constituent  over  the  two  periods ; 
but  even  showing  a  tendency  to  excess  in  magnesia,  phosphoric  acid, 
and  silica,  over  the  second  period.  The  result  is,  however,  different 
with  the  straw  and  total  produce;  both  of  which  show  more  or 
less  deficiency  of  every  constituent  excepting  lime,  which  increases 
considerably,  whilst  ferric  oxide  and  soda  also  show  a  tendency  to 
increase.  Deficiency  in  the  straw,  and  with  it  in  the  total  produce, 
that  is,  in  the  amount  taken  up  and  retained  by  the  entire  plant,  or 
rather  crop,  is  indication  of  deficient  source,  notwithstanding  there 
may  be  no  &lling  off  in  the  contents  of  the  grain. 

With  farmyard  manure,  with  its  excessive  supply,  there  is  over  the 
second  period  compared  with  the  first,  more  or  less  increase  in  every 
constituent  in  grain,  in  straw,  and  in  total  produce,  with  the  single 
exception  of  sulphuric  acid,  which  is  very  slightly  in  relative  defect  in 
the  straw  and  total  produce  over  the  second  period.  In  the  grain,  the 
constituents  in  most  marked  increased  amount  are  the  typical  ones 
potash  and  phosphoric  acid ;  in  the  straw,  they  are  potash  and  silica ; 
and  in  total  produce,  potash,  phosphoric  acid,  and  silica. 

With  ammonium-salts  alone  for  so  many  years  in  succession,  there 
is,  over  the  second  period,  in  the  grain,  only  slight  deficiency  of  potash 
and  magnesia,  a  greater  deficiency  of  phosphoric  acid,  and  a  tendency 
to  increase  in  lime,  sulphuric  acid,  and  silica.  In  the  straw  and  total 
produce,  however,  there  is  more  marked  deficiency  in  every  con- 
stituent excepting  sulphuric  acid ;  and  it  is  the  most  marked  in  the 
potash,  the  phosphoric  acid,  the  chlorine,  and  the  silica ;  the  chlorine 
especially,  although  it  is  liberally  supplied  in  the  ammonium  chloride. 

That  chlorine,  and  other  constituents  of  possibly  little  other  use  than 
as  carriers,  may  be  taken  up  and  returned  to  the  soil,  especially  under 
certain  conditions  of  weather,  would  seem  not  improbable.      The 
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experiments  of  Anderson  and  onrselres  with  beans  show  a  consider- 
able reduction  in  the  amount  of  mineral  matter  in  the  crop  of  a  given 
area  during  the  last  few  weeks,  but  in  the  case  of  this  crop  there  is  a 
considerable  fall  of  leaf  at  this  period.  Dr.  Anderson's  results  with 
wheat  do  not  show  such  reduction,  either  of  total  mineral  matter, 
potash,  phosphoric  acid,  or  silica.  E.  Wolff's  experiments  with 
potatoes  showed  considerable  reduction  in  the  amounts  of  nitrogen, 
total  ash,  lime,  magnesia,  and  chloride  of  sodium,  during  the  last 
five  weeks,  but  there  was  also  considerable  loss  of  total  dry*  substance.. 
His  experiments  with  mangel-wurzel,  red  clover,  lucerne,  and  rape- 
showed,  with  immaterial  exceptions,  considerable  gain  of  all  consti- 
tuents to  the  end  of  the  period  quoted,  when,  however,  such  crops* 
would  not  have  ripened.  In  one  experiment  with  barley,,  there  was^ 
gain  of  every  constitaent  to  the  end ;  in  a  second  there  was  gain  in 
all  excepting  potassium  chloride,  and  potash,  both  of  which  showed  a» 
loss  in  the  last  stage ;  and  in  a  third  there  was  considerable  reduc- 
tion in  total  ash,  chiefly  in  magnesia,  potassium  chloride,  and  potash.. 
In  two  experiments  with  oats,  there  was  gain  in  total  ash,  bu<y  con- 
siderable loss  of  potash.  In  an  experiment  with  wheat,  thoughi 
there  was  a  gain  in  total  ash,  there  was  a  considerable  reduction  of 
potash.  In  experiments  on  barley,  by  Sch^ven,  there  was  gain 
of  nitrogenous,  non-nitrogenous,  and  total  dry  substance  to  the  end, 
also  gain  of  total  ash,  phosphoric  acid,  soda,  and  chlorine ;  but  redac- 
tion in  potash,  lime,  and  magnesia*  In  e:q)eriments  with  bariey, 
Bretschdeider  found  gain  in  total  dry  matter,,  nitrogen,  total  ash,  and 
most  individual  ash-constituents  to  the  end,  but  during  ripening  a 
slight  reduction  of  potash  and  chlorine  was  indicated.  According  to 
Joulie's  experiments,  there  is  a  considerable  redaction  in  the  amount, 
especially  of  potash,  in  the  total  wheat-plant  during  the  seed-forming 
and  ripening  periods.  Marie-Davy  concluded  that  during  the  ripen- 
ing period  plants  expel  superfluous  matters  by  their  roots.  Pierre,  in 
experiments  with  rape,  found  a  reduction  in  the  amounts  of  nitrogen, 
and  most  ash-constituents,  excepting  phosphoric  acid,  in  the  later 
stages ;  but  he  notes  that  leaves  had  fallen.  ,  In  his  experiments  with 
wheat, -the  results  were  very  similar.  In  experiments  with  Oats,  Arendt 
did  not  find  any  appreciable  reduction  either  in  total  ash,  or  in  ash- 
constituents,  excepting  soda.  In  experiments  with  wheat,  Deh6rain 
found  no  reduction  until  the  crop  was  ripe,  but  a  good  deal  after-' 
wards;  and  here  the  question  arises  whether  there  was  not  loss* 
by  birds,  or  otherwise  than  by  excretion  by  the  plant.  In  his  experi- 
ments with  oats,  the  results  were  irregular,  owing  to  unfavourable 
weather.  Upon  the  whole,  it  would  seem  that  satisfactory  evidence  is 
still  wanting  on  the  point ;  and  it  is  probable  that  the  result  will  be 
considerably  inflaenced  by  the  conditions  of  ths  weather. 

Recurring  to  the  results  as  to  the  yield  per  acre  of  the  several  con- 
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stitnents  (in  ^ram  and  straw)  over  the  first  and  second  half  of  the 
sixteen  years,  as  given  in  Table  IV  (pp.  22 — 23),  without  mannie 
there  is  indicated  a  comparatively  small  relative  exhaustion  of  both 
potash  and  phosphoric  acid,  and  with  ammoninm-salts  a  greater 
exhanstion  of  both. 

Table  Y  (pp.  24—25),  which  gives  the  amount  of  each  constituent 
per  1000  dry  ntbgtanee  of  grain,  straw,  aiid  total  produce,  shows  the 
degree  in  which  the  composition  is  afEected  by  the  excess  or  deficiency 
•f  supply. 

Taking  the  mean  result  for  the  sixteen  years  in  each  case,  1000  dry 
sobfltanoe  of  grain  shows  a  rather  higher  proportion  of  nitrogen  with- 
out nHmure  than  with  farmyard  manure,  and  higher  still  with  ammo- 
niimi-salts  alone.  It  shows  almost  identical  amounts  of  total  mineral 
constituents  under  the  influence  of  full  supply  of  them  by  farmyard 
manure^  aad  of  exhaustion  of  both  nitrogen  and  mineral  consti- 
toents  without  manure.  There  is,  however,  a  considerable  deficiency 
under  the  very  abnormal  exhaustion  of  mineral  constituents,  when 
ammonium-salta  alone  are  used  for  so  many  years  in  succession. 
The  dry  substance  of  the  unmanured  grain  contains  a  rather  higher 
proportion  of  potash,  rather  less  magnesia,  and  less  phosphoric  acid, 
than  that  grown  by  farmyard  manure.  The  relative  deficiency  in  the 
dry  substance  of  the  grain  grown  by  ammonium-salts  is  partly  in 
potash,  but  mainly  in  phosphoric  acid,  which  is  only  in  small  part 
compensated  by  an  increased  amount  of  sulphuric  acid.  Magnesia  is 
abio  in  slight  relative  defect. 

The  composition  of  the  straw,  which  much  more  directly  indicates 
relative  supply  or  exhaustion,  shows  much  wider  variation  under  the 
three  different  conditions  as  to  manuring.  Compared  with  the  straw 
grown  with  farmyard  manure,  that  grown  without  manure  contains, 
per  1000  dry  substance,  considerably  less  potash,  but  otherwise  there 
is  but  little  difference,  excepting  that  it  contains  notably  less  chlorine 
and  more  silica.  With  ammonium-salts  alone,  there  is  a  still  greater 
decrease  in  the  amount  of  potash  in  the  dry  substance  of  the  straw, 
partly  compensated  by  more  lime.  There  is  also  considerably  less 
phosphoric  acid,  but  rather  more  sulphuric  acid,  and  there  is  much 
lees  silica  than  either  with  &rmyard  manure  or  without  manure. 

Comparing  the  average  composition  of  the  produce  of  the  second 
eight  years  with  that  of  the  first,  with  farmyard  manure,  the  mineral 
eomposition  of  the  dry  substance  of  the  grain  is  almost  absolutely 
identical  over  the  two  periods.  Without  manure,  again,  it  is  very 
nearly  so,  the  figpires  showing,  however,  a  tendency  to  a  rather  lower 
proportion  of  potash  over  the  latter  half  of  the  total  period,  with  at 
the  same  time  slightly  more  magnesia,  and  also  more  phosphoric  acid  ; 
eanditions  which  are  indicative  of  less  perfect  maturation,  that  is,  less 
flour  in  proportion  to  bran.     With  ammonium-salts,  the  mineral  com- 
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position  of  the  grain,  though  showing,  compared  with  that  of  the  other 
plots,  a  marked  deficiencj  in  potash  and  magnesia,  and  especially  in 
phosphoric  acid,  shows  very  little  difference  comparing  the  second  eight 
years  with  the  first.  So  far  as  the  bases  are  concerned,  the  average 
proportion  in  the  dry  sabstance  of  the  grain  is  almost  identical  over 
the  two  periods ;  bat  there  is  an  obvious  tendency  over  the  later  period 
to  decrease  in  phosphoric  acid,  and  with  this  to  increase  in  sulphuric 
acid  and  in  silica. 

The  composition  of  the  dry  sabstance  of  the  straw,  which  has  been 
seen  to  vary  considerably  as  between  plot  and  plot,  varies  also  much 
more  than  does  that  of  the  grain  over  the  two  periods,  bat  still  com« 
paratively  little.  With  ibrmyard  manure,  the  chief  difEerence  is  that 
there  is  a  somewhat  larger  proportion  of  potash  and  silica,  and  some- 
what less  phosphoric  acid  and  sulphuric  acid  over  the  second  period, 
differences  probably  due  to  season  and  chai*acter  of  growth  depending 
thereon,  rather  than  to  soil  sapply  independently  of  these.  Without 
manure,  the  chief  indication  is  a  relative  deficiency  of  potash  and 
magnesia,  partly  compensated  by  more  lime,  also  a  deficiency  of  phos* 
phoric  acid  over  the  second  period.  With  ammoniam-salta  alone,  the 
most  marked  difference  is  a  relative  deficiency  of  potash  over  the  later 
period. 

Thus,  although  it  has  been  shown  that  there  is  much  wider  range  of 
variation  in  the  mineral  composition  of  wheat-grain  according  to  season 
than  according  to  manure,  it  is  seen  that  there  is  nevertheless  an 
obvious  difference  in  the  average  composition  of  the  grain  under  the 
three  very  different  conditions  as  to  manuring ;  but  with  each  there  is 
almost  identical  average  composition  over  the  first  and  second  half 
of  the  period  of  sixteen  years.  The  grain  grown  by  the  ammonium- 
salts  alone  shows  exhaustion  both  of  potash  and  phosphoric  acid,  but 
especially  the  latter.  The  condition  of  exhaustion  here  is,  however, 
quite  abnormal,  and  the  results  as  a  whole  point  to  great  uniformity 
in  the  mineral  composition  of  the  grain  under  varying  conditions  as 
to  manure,  provided  only  that  it  is  perfectly  and  normally  ripened.  It 
will  be  seen,  too,  that  the  lowest  average  proportion  of  nitrogen  is  in 
the  grain  grown  by  farmyard  manure,  notwithstanding  its  liberal 
supply  of  it,  again  indicating  that  the  composition,  and  especially  high 
or  low  percentage  of  nitrogen,  is  much  more  dependent  on  maturation 
than  on  full  or  limited  supply  by  the  soil.  The  next  series  of  results 
will  further  illustrate  the  influence  of  season  and  manuring  on  the 
composition  of  the  wheat  crop  in  selected  seasonsi  and  with  a  greater 
variety  of  manuring. 

Secoful  Series  of  Analyses. 
This  series  includes  the  results  obtained  under  nine  different  con- 
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ditions  as  to  mannring,  each  in  two  unfavourable  and  in  two  favour- 
able seasons  for  tbe  crop : — 

The  conditions  as  to  mannruig  were : — 

Plot  2.  Farmyard  manure,  every  year. 

Plot  3.  Unmannred,  every  year. 

Plot  5a.  Mixed  mineral  man  are,*  alone. 

Plot  la.  Mixed  mineral  mannre,*  and  ammoniam-salts.f 

Plot  10a.  Ammonium-salts,  alone. 

Plot  11a.  Ammonium-salts  and  superphosphate  of  lirne.^ 

Plot  12a.  Ammonium  -  salts,  superphosphate,  and  sulphate  of 
soda.§ 

Plot  13a.  Ammonium  •  salts,  superphosphate,  and  sulphate  of 
potash.  II 

Plot  14a.  Ammonium-salts,  superphosphate,  and  sulphate  of  mag- 
nesia.^ 

It  wOl  be  seen  that,  besides  the  conditions  of  manuring  to  which 
the  first  series  of  analyses  relates,  this  series  includes  the  results 
obtained  on  sii(  other  plots  with  widely  different,  but  strictly  com- 
parable, conditions  of  mineral  or  asb -constituent  supply.  Thus,  we 
have  ammonium-salts  alone ;  the  same  with  superphosphate  ;  the  same 
with  superphosphate  and  soda-salt;  the  same  with  superphosphate 
and  potash-salt;  the  same  with  superphosphate  and  magnesia-salt; 
and  the  same  with  superphosphate,  potash-,  soda-,  and  magnesia-salt. 
The  seasons  selected  were  1852,  1856,  1858,  and  1863. 

1852  was  the  ninth  season  from  the  commencement  of  the  experi- 
ments, and  the  first  of  the  twelve  which  comprise  the  four  to  which 
the  series  of  analyses  now  under  consideration  relates.  The  winter 
had  been  favourable  upon  the  whole ;  but  the  spring  was  dry,  cold, 
and  backward  ;  the  early  summer  was  rainy  and  cold  ;  and  the  matur- 
ing period  variable,  with  a  good  deal  of  hot  weather,  but  some  heavy 
storms.     Without  manure,  the  produce  of  grain  was  the  lowest  that 

*  The  mixed  mineral  manure  was  composed  per  acre  as  follows  : — 1852-1858, 
solphate  of  potash  300  lbs.,  sulphate  of  soda  200  lbs.,  sulphate  of  magnesia  100  lbs. ; 
18&9  and  since,  sulphate  of  potash  200  lbs.,  sulphate  of  soda  100  lbs.,  sulphate  of 
magnesia  100  lbs.  \  also  superphosphate  of  lime  made  as  described  below. 

f  Ammonium-salts,  in  all  oases  200  lbs.  sulphate,  and  200  lbs.  muriate  of  ammo- 
nia of  oommeioe,  per  here. 

X  Superphosphate  of  lime  (per  acre),  in  all  cases  made  from  bone-ash  200  lbs., 
sulphuric  acid  (sp.  gr.  1*7)  160  lbs.,  and  water. 

§  Sulphate  of  soda,  500  lbs.  per  acre  1852-1858;  two-thirds  as  much  1859  and 
afterwards. 

II  Sulphate  of  potash,  800  lbs.  per  acre  1852-1858 ;  200  lbs.  1859  and  afterwards. 

^  Sulphate  of  magnesia,  420  lbs.  per  acre  185^1858;  two-thirds  as  much  (280 
lbs.),  1869  and  afterwards. 
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had  been  obtained  so  far,  and  below  the  average  of  the  first  20  jeiirs. 
Under  the  influence  of  ammonium-salts,  whether  alone  or  in  conjunc- 
tion with  mineral  manures,  the  produce  of  grain  was  very  mach«  and 
that  of  straw  considerably,  below  the  average  obtained  by  saoh 
manures.  Finally,  the  proportion  of  grain  to  straw,  and  the  weight 
per  bushel  of  the  grain,  were  very  low. 

1856  was  the  thirteenth  season  of  the  experiments.  The  winter 
had  been  mild  upon  the  whole ;  the  early  spring  was  dry  and  cold, 
and  the  remainder  cold  and  wet,  the  early  summer  was  cold  and 
changeable,  then  came  a  short  interval  of  fine  and  hot  weather,  suc- 
ceeded, about  the  ripening  period,  by  very  heavy  rains,  and  prevailing 
low  temperatures.  The  harvest  was  also  wet  and  unfavourable. 
With  these  conditions  of  season,  the  quantity  of  grain  per  acre  was, 
excepting  without  manure,  fully  equal  to,  and  that  of  the  straw 
rather  over,  the  average  of  the  12  years  which  comprise  the  four  now 
under  consideration.  The  crops  were,  however,  unevenly  and  badly 
ripened,  and  the  proportion  of  grain  to  straw,  and  the  weight  per 
bushel  of  the  grain,  were  low.  The  season  was  therefore,  upon  the 
whole,  not  unfavourable  to  quantity  of  produce,  but  it  was  unfavour- 
able for  the  full  development  and  maturation  of  the  grain. 

1858  was  the  fifteenth  season  from  the  commencement.  During 
the  winter,  spring,  and  summer  there  was,  upon  the  whole,  much  less 
than  the  usual  amount  of  rain  ;  though  in  February,  April,  May,  and 
July,  there  were  fair  amounts.  Throughout  the  summer,  the  air  was 
generally  drier  than  usual  for  the  period,  and  the  temperature  was 
generally  above  the  average  throughout  the  spring  and  summer 
months,  whilst  June  was  unusually  hot.  Eai4y  in  the  summer,  the 
promise  was  of  great  luxuriance,  but  the  warm  and  dry  weather  of 
June  checked  this  tendency,  and  brought  on  early  maturity ;  and  the 
harvest  weather  was  favourable.  Accordingly,  the  quantity  of  straw 
was  generally  below  the  average  with  parallel  conditions  as  to 
manuring ;  but  that  of  the  grain  was  generally  above  it,  especially 
with  high  manuring.  The  proportion  of  g^rain  to  straw  was  thus  above 
the  average,  and  the  weight  per  bushel  of  the  grain  was  also  above  the 
average. 

1863  was  the  twentieth  season  of  the  experiments.  The  winter  and 
early  spring  were  extremely  mild,  the  plant  came  early  forward,  and 
the  rains,  though  sparing  upon  the  whole,  came  when  needed,  whilst 
the  temperature  of  the  summer,  though  seldom  high,  was  (excepting 
some  night  frosts  in  July)  generally  sufficient,  and  the  condition  of 
the  atmosphere  was  otherwise  favourable.  The  characters  of  the 
season  were  such  as  to  contribute  to  a  lengthened  and  almost  uninter- 
rupted course  of  accumulation ;  and  this,  the  twentieth  wheat  crop 
in  succession  on  the  same  land,  was  not  only  the  best  up  to  that  time 
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obtained  in  quantity  both  of  grain  and  straw,  bat  it  is  the  best 
obtained  daring  the  4fO  years  to  1883,  inclasive.  It  was  also  nearly 
tbe  best  as  to  qaalitj  of  grain.  This  extraordinary  result  was  dae 
to  almost  unchecked  growth  from  the  first  appearance  of  the  plant 
above  ground,  up  to  the  time  of  harvest,  rather  than  to  any  extra- 
ordinary characteiistics  at  any  one  or  more  particular  period. 

Thus,  of  the  four  seasons  selected,  1852  was  very  bad,  both  as  to 
quantity  and  qsality  of  produce ;  1856  gave  fairly  average  quantity 
of  both  grain  and  straw,  but  the  crop  was  unevenly  ripened,  and  the 
weight  per  bushel  was  low ;  1858  yielded  only  a  moderate  amount  of 
total  produce,  but  a  more  than  average  proportion  and  amount  of 
grain,  and  the  weight  per  bushel  was  also  above  the  average ;  lastly, 
1863  was  the  most  productive  season  of  the  forty  of  the  experiments, 
as  to  quantity  both  of  straw  and  of  grain ;  the  weight  per  bushel 
of  grain  was  also  considerably  above  the  average. 

The  analytical  results  (excluding  sand  and  charcoal),  are  given  in 
detail  in  Appendix  Table  X ;  in  Appendix  Table  XI,  the  constituents 
are  calculated  per  1000  dry  substance,  instead  of  per  100  of  ash ;  and  in 
Appendix  Table  XII,  the  quantity  of  eacfti  constituent  in  the  produce 
per  acre  is  given.  Referring  to  these  Tables  for  the  study  of  the 
details,  it  will  be  convenient  here  to  discuss  the  main  bearings  of  the 
resulta  by  reference  to  a  series  of  Summary  Tables. 

In  Table  YI  (p.  82),  the  mean  percentage  of  selected  constituents  in 
tbe  pore  ash  (of  grain  and  straw  respectively),  of  the  nine  differently 
manured  plots  collectively,  is  given  for  each  of  the  four  seasons. 
Thos  the  effects  of  season,  independently  of  manure,  are  shown.  By 
the  side  of  these  results  are  given,  as  before,  the  general  characters  of 
the  produce  of  each  season,  as  indicated  b^  the  average  weight  per 
bushel  of  the  grain  on  the  nine  plots,  the  proportion  of  grain  to  straw, 
the  amount  of  total  produce  (grain  and  straw)  per  acre,  and  finally  the 
mean  percentage  of  nitrogen,  and  of  total  mineral  matter  (or  ash)  in 
the  dry  substance. 

It  is  seen  that,  as  indicated  by  the  weight  per  bushel  of  the  dressed 
grain,  the  quality  of  the  gprain  was  the  lowest  in  the  first,  and  the 
highest  in  the  last  of  the  four  seasons,  rising  from  year  to  year,  taking 
the  seasons  in  their  chronological  order.  The  first  two  years  show 
lower  than  average,  and  the  last  two  higher  than  average  quality. 
The  last  two  also  show  very  much  the  higher  proportion  of  grain  to 
straw,  that  is,  a  very  much  higher  seed-forming  tendency.  There 
can  be  no  doubt,  therefore,  that  so  &r  as  quality  of  produce  is 
concerned  the  last  two  seasons  were  far  superior  to  the  first  two, 
which  were  in  fact  very  bad  seasons ;  whilst  the  two  later  seasons  were 
much  better,  and  the  last  of  the  four  one  of  very  high  quality.  As  to 
qoantil^y  of  grain  too,  there  is  an  increase  from  the  first  to  the  fourth 
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6easnn,  the  ]a»t  yielding  about  twice  as  much  as  the  first,  and  about 
one  and  half  time  as  much  straw. 

Coincidentlj  with  these  general  agricaltnml  characters  of  great 
superiority  in  the  prodnce  of  1863,  there  is  by  far  the  lowest  average 
percentage  of  both  nitrogen  and  mineral  matter  (ash),  in  the  drjsub- 
srance  of  the  grain.  In  the  dry  substance  of  the  straw,  the  percentage 
of  mineral  matter  is  not  specially  low,  but  that  of  the  nitrogen  is 
very  low,  both  actually  and  relatively.  The  description  of  the  seasons 
already  given  shows  that  the  fairly  good  season  of  1858  was  one  of 
early  but  checked,  and  finally,  limited  luxuriance,  with  high  seed-form- 
ing tendency,  in  proportion  to  the  amount  of  plant ;  whilst  that  of 
1863  was  one  of  very  great  luxuriance  throughout  the  growing  period, 
with  very  high  seed-forming  tendency  supervening.  It  will  after- 
wards be  seen,  indeed,  that  the  total  crop  of  1863  contained  about  one 
and  a  half  time  as  much  mineral  matter  per  acre,  and  also  consider, 
ably  more  nitrogen,  than  that  of  either  of  the  other  seasons ;  yet  the 
percentage  of  both  was  much  lower  in  the  grain,  and  that  of  the 
nitrogen  lower  also  in  the  straw,'  than  in  the  produce  of  either  of  the 
other  years.  There  is  here  again  evidence  that  with  favourable 
maturation  there  is  low  percentage  of  both  mineral  matter  and 
nitrogen ;  that  is,  favourable  maturation  means  the  greater  a;ocumula- 
tion  of  non-nitrogenous  organic  substances — carbohydrates,  and 
especially  starch — the  result  necessarily  being  a  lowering  of  the  pi\>- 
portion,  though  not  of  the  actual  amount,  of  both  the  nitrogenous  and 
the  mineral  constituents. 

Tnming  to  the  composition  of  the  ash.  Table  YI  (p.  32)  shows  a  con- 
fiiderably  higher  percentage  of  potash,  and  a  considerably  lower  per- 
centage of  phosphoric  acid,  in  the  ash  of  the  grain  of  the  two  seasons 
of  better  quality.  At  the  same  time  there  is  a  tendency  to  lower  per- 
centages of  magnesia  with  the  higher  percentages  of  potash,  and  to 
higher  percentages  of  sulphuric  acid  with  the  lower  percentages  of 
phosphoric  acid,  but  by  no  means  in  compensating  degree.  The  straw- 
ashes  also  show  considerably  higher  percentages  of  potash,  low  per- 
centages of  phoKphoric  acid,  and  higher  of  sulphuric  acid,  in  the 
better  seasons.  But  it  has  before  been  observed  that  the  ash  of  the 
straw,  in  a  much  greater  degree  than  does  that  of  the  grain,  contains, 
besides  the  constituents  that  may  be  essential  to  its  own  formations, 
a  variable  amount  of  what  may  be  called  migratory  matters,  the 
quantities  of  which  depend  on  the  one  hand  on  the  quantities  taken 
up  from  the  soil  during  the  periods  of  accumalat'on,  and  on  the  other 
on  the  characters  of  the  maturing  period,  which  influence  the  amounts 
stored  up  in  the  seed. 

The  variations  in  the  average  percentage  composition  of  the  ash 
itself  in  the  several  seasons,  as  shown  in  Table  VI,  though  inscrnc- 
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five,  do  not  clearly  indicate  the  variations  in  the  mineral  composition 
of  the  produce.  These  are  best  shown  in  Table  VII  (p.  34),  which  gives, 
besides  the  general  agricultural  characters  of  the  produce  as  before, 
the  average  amounts  for  each  season,  of  nitrogen,  of  total  ash,  and  of 
each  of  the  selected  ash-constituents,  per  1000  dry  mcUter  of  the  pro- 
duce j  grain  and  straw  respectively : — 

Thus,  notwithstanding  the  much  higher  percentai^e  of  potash  in  the 
ash  of  the  grain  of  the  two  good  seasons  than  in  that  of  the  two  bad 
ones,  its  proportion  in  the  dry  substance  of  the  grain  of  the  best 
season,  1863,  is,  owing  to  its  small  amount  of  total  ash,  little  above 
that  in  the  dry  substance  of  the  grain  of  the  two  bad  seasons,  with 
their  higher  amounts  of  total  ash.  The  dry  substance  of  the  grain  of 
the  other  good  season,  1858,  with  its  less  perfect  ripening,  and  hi<rhrr 
proportion  of  total  ash,  shows,  however,  a  high  proportion  of  potash 
in  the  dry  substance. 

The  most  striking  difPerence  in  the  average  mineral  composition  of 
the  grain  in  the  four  seasons  is  the  very  much  lower  proportion  of 
phosphoric  acid,  and  with  this  a  lower  proportion  of  magnesia  also,  in 
the  dry  substance  of  the  best  matured  grain — that  of  1863.  These 
are  characteristics  of  a  less  proportion  of  bran  to  flour — in  other 
words,  of  a  greater  accumulation  of  starch  in  the  ripening.  The 
variation  in  the  mineral  composition  is  thus  coincident  with,  and 
dependent  on,  variation  in  that  of  the  organic  substance  due  to 
season. 

After  what  has  been  said  of  the  circumstances  affecting  the  compo- 
sition of  the  straw-ash,  it  is  unnecessary  to  consider  in  any  detail  the 
differences  in  the  proportion  of  the  several  mineral  constituents  in  the 
dry  substance  of  the  straw  in  the  difPerent  seasons.  It  may  be  noted, 
however,  that,  in  the  better  seasons,  the  amount  of  potash  remaining 
in  the  straw  is  mach  greater,  that  of  phosphoric  acid  is  less,  and 
that  of  sulphuric  acid  greater,  in  proportion  to  a  given  quantity  of 
dry  substance  of  the  straw. 

The  summary  Table  VIII  (p.  36)  shows  the  mean  yield  per  acre  of 
the  produce,  and  of  its  constituents,  on  the  nine  differently  manured 
plots  in  each  of  the  four  seasons : — 

It  is  thus  seen  that  under  identical  conditions  as  to  manuring,  there 
was  about  twice  as  much  grain,  nearly  one  and  a  half  time  as  much 
straw,  and  more  than  one  and  a  half  time  as  much  total  produce,  in 
the  best  as  in  the  worst  of  the  four  seasons.  Of  nitrogen  in  the  total 
produce,  the  average  amount  per  acre  was  only  38  lbs.  in  1852,  but 
50'1  lbs.  in  1863 ;  whilst  of  the  less  total  amount  in  the  crop  in  1852,  a 
considerably  larger  actual  quantity  remained  in  the  straw.  In  fact, 
of  the  total  nitrogen  in  the  crop,  in  1852,  38*4  per  cent.,  in  1856,  27'1, 
in  1858,  26*2,  and  in  1863,  only  22*6  per  cent,  remained  in  the  straw. 
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Yet,  with  hj  far  the  largest  amount  accnmnlated  in  the  grain  in  1863, 
its  percentage  in  it  is  much  lower  than  in  either  of  the  other  jears. 
There  is  thns,  with  the  hest  growing  and  maturing  conditions,  the 
largest  amount  of  nitrogen  taken  up  bj  the  plant,  the  largest  amount 
accumulated  in  the  grain,  and  the  lowest  percentage  of  it  in  the  grair . 

Again,  under  equal  conditions  as  to  supply  bj  manure,  one  and  a 
third  time  as  much  of  total  mineral,  or  ash-constituents,  is  stored  up 
in  the  total  crop  in  the  season  of  highest  luxuriance  and  highest  matura- 
tion, as  in  either  of  the  others ;  whilst  the  percentage  of  ash  in  the 
dry  substance  of  the  grain  is  lower  than  in  either  of  the  other  jeai's. 
There  is  also  more  of  each  of  the  mineral  constituents  enumerated 
(excepting  silica),  taken  up,  with  the  same  supply  by  manure,  in  the 
two  better  than  in  the  two  worse  seasons ;  and  comparing  the  best 
season  with  the  worst  there  is  about  one  and  a  half  time  as  much 
lime,  magnesia,  and  phosphoric  acid,  and  about  twice  as  much  potash 
and  sulphuric  acid,  taken  up  in  the  season  of  most  favourable  growth 
and  maturation.  Yet,  as  Table  YII  (p.  34)  shows,  the  proportion  of 
lime,. magnesia,  and  phosphoric  acid  was  lower,  and  that  of  the  potash 
nearly  as  low,  in  the  grain  of  the  large  and  well-matured  produce. 

In  these  facts  as  to  the  nitrogen  and  the  ash-constituents,  there  is 
again  striking  evidence  of  the  much  greater  influence  of  season  than 
of  manuring  on  the  composition  of  a  ripened  plant,  and  especially  of 
its  final  product — the  seed.  The  extent,  and  the  limits,  of  the  effects  of 
manure,  or  of  exhaustion,  on  the  composition  of  wheat-grain  and  wheat* 
straw  will  be  more  clearly  brought  to  view  in  the  next  illustrations. 

In  the  first  place,  Table  IX  (p.  38)  shows  a  not  very  wide  range  of 
difference  in  the  weight  per  bushel  of  the  grain  grown  under  sach 
very  wide  differences  as  to  manure,  but  all  under  equal  season  infla- 
ences.  Still  the  differences,  such  as  they  are,  are  not  without  their 
significance.  Without  manure  (Plot  3),  with  sluggish  growth  and 
ripening,  and  with  ammonium-salts  alone  (Plot  10a),  that  is,  with 
great  mineral  exhaustion,  the  weight  per  bushel  is  low ;  it  is  also  low 
on  Plot  11a,  where,  besides  the  ammonium-salts,  there  is  superphos- 
phate, but  neither  potash,  soda,  nor  magnesia  supplied.  With  farm- 
yard manure  (Plot  2)  it  is  high.  In  the  other  cases — with  mixed 
mineral  manure  (Plot  5a),  the  same  and  ammonium-salts  (Plot  7 a), 
ammonium-salts,  superphosphate,  and  soda  (Plot  12a),  ammonium- 
salts,  superphosphate,  and  potash  (Plot  13a),  and  ammonium-salts, 
superphosphate,  and  mugnesia  (Plot  14a) — it  is  fairly  uniform. 

The  percentage  of  nitrogen  in  the  dry  substance  of  the  grain  is 
fidrly  uniform,  excepting  that  on  Plot  5a,  with  mineral  manure  alone 
and  great  nitrogen  exhaustion,  it  is  low;  and  on  Plot  10a,  with 
ammonium-salts  alone,  and  therefore  great  relative  excess  of  nitrogen 
and  deficiency  of  mineral  constituents  supplied,  it  is  high. 
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The  percentage  of  total  mineral  matter  (pure  ash),  is  also  fairly 
uniform,  excepting  that  with  farmyard  manure  (2),  with  purely 
mineral  manure  (5a),  and  without  manure  (3),  it  is  somewhat  high  ; 
and  witli  ammonium-salts  alone  (10a),  where  there  is  very  abnormal 
mineral  exhaustion,  it  is  very  low. 

A  glance  at  the  colamns  showing  the  mean  percentage  of  the  chief 
constitaents  of  the  ash  of  the  grain  shows  a  very  marked  uniformity 
under  the  nine  very  characteristically  different  conditions  as  to  actual 
and  relative  mineral  supply.  In  the  potash  column,  for  example,  the 
only  exceptions  to  this,  general  nniformity  are  that  with  farmyard 
manure  (2),  and  with  ammonium-salts  and  superphosphate,  but  with- 
out either  potash,  soda,  or  magnesia  applied  (11a),  the  mean  per- 
centage is  low.  In  the  case  of  the  farmyard  manure  plot,  the 
result  is  obviously  due  to  the  characters  of  the  growth  and  matura- 
tion, and  not  to  deficient  supply,  as  confirmed  by  the  compara- 
tively high  percentage  of  potash  in  the  straw-ash.  In  the  case  of 
I  la,  there  is  doubtless  great  potash  exhaustion,  and  accordingly  the 
straw-ash  also  shows  a  very  low  percentage  of  potash;  indeed  a 
much  lower  percentage  than  on  any  other  plot. 

In  the  phosphoric  acid  column  again  there  is,  upon  the  whole,  great 
uniformity.  The  exceptions  are,  that  with  farmyard  manure  (2),  the 
percentage  is  very  high ;  and  with  ammonium-salts  alone  (10a),  where 
there  is  very  abnormal  exhaustion,  it  is  very  low ;  and  consistently 
with  this,  the  percentage  in  the  straw-ash  is  also  low.  With  this  low 
amount  of  phosphoric  acid  in  the  ash  of  both  the  grain  and  the  straw 
of  Plot  lOo,  there  is,  in  both  the  grain-ash  and  the  straw-ash  of  this 
plot,  the  highest  percentage  of  sulphuric  acid. 

The  influence  of  supply,  or  exhaustion,  on  the  amount  of  produce,  en 
the  amount  of  the  different  constituents  taken  up  by  the  plant,  on  the 
distribution  of  the  constituents  in  the  grain  and  straw  respectively, 
and  on  the  composition  of  the  dry  matter  of  the  grain  and  straw,  will 
be  further  illustrated  in  Tables  X  and  XI  (pp.  40 — 42).  It  will  be 
convenient  firat  to  consider  the  variations  in  the  amounts  of  produce, 
and  in  the  amounts  and  distribution  of  the  various  constituents  taken 
up  over  a  given  area,  and  afterwards  the  composition  of  the  dry  sub- 
stance produced. 

In  reference  to  the  results  given  in  Table  X  (pp.  40 — 41),  it  is 
first  to  be  noted  that  the  quantity  of  produce,  both  grain  and  straw, 
yielded  per  acre,  varied  exceedingly  under  the  very  different  con- 
ditions as  to  manuring.  Without  manure  (3),  the  produce  was  very 
small ;  with  a  full  mineral  manure,  but  no  nitrogen  supplied  (5a),  it 
was  but  little  higher.  Then,  taking  the  series  with  a  given  amount 
of  ammonium-salts  annually  applied,  there  is  in  every  case  much 
more  produce,  and  much  more  nitrogen  and  mineral  matter  taken  up, 
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tban  with  tbe  mineral  manure  a]one.  In  fact,  there  is  considerably 
more  than  twice  as  much  produce,  both  grain  and  straw,  grown  under 
the  influence  of  ammonium-salts  and  the  mixed  mineral  manure  {7a), 
as  with  the  mixed  mineral  manure  alone  (5a)  ;  and  there  is  one  and 
a  half  time  as  much  with  ammonium-salts  and  the  mixed  mineral 
maonre  (7a),  as  with  ammonium-salts  alone  (10a). 

Comparing  the  different  members  of  the  ammonium-salt  series  one 
with  another,  where  the  ammonium- salts  are  used  alone  (10a),  the  pro- 
duce is  much  the  lowest  in  amount ;  with  superphosphate  added  there 
18  more ;  with  superphospnate  and  either  potash,  soda,  or  magnesia, 
there  is  more  still,  but  almost  identical  amounts  in  the  three  cases ; 
lastly,  with  superphosphate  and  potash,  soda,  and  magnesia  together, 
there  is  the  highest  produce  among  the  series. 

That  there  was  so  little  difference  in  the^  amount  of  produce 
on  the  three  plots,  one  with  soda,  one  with  potash,  and  one  with 
magnesia,  is  explained  by  the  fact  already  recorded,  that  the 
plots  which  received  soda,  or  magnesia,  but  no  potash,  in  1852, 
and  each  year  since,  had,  before  that  time,  received  potash,  the 
effects  of  the  residue  of  which  were  very  marked  for  many 
years,  and  have  only  in  recent  years  obviously  declined.  In  refer- 
ence to  this  point,  it  may  be  stated  that  Hermann  von  Liebig, 
having  expressed  a  wish  to  examine  some  of  the  Bothamsted  experi- 
mental soils,  samples  from  some  of  the  plots  in  the  experimental  wheat 
field,  which  had  been  collected  in  October,  1865,  that  is,  after  the 
removal  of  the  twenty-second  crop  from  the  commencement,  and  the 
fourteenth  since  the  application  of  the  same  manures  year  after  year 
on  the  same  plots,  were  sent  to  him  accordingly.  He  determined  in 
them  the  constituents  soluble  in  dilute  acetic  acid,  and  the  amount  of 
phosphoric  acid  soluble  in  dilute  nitric  acid.  The  results  showed  a 
considerable  accumulation  of  both  potash  and  phosphoric  acid  where 
they  had  been  applied  in  excess ;  and  in  each  case  the  accumulation 
was  chiefly  in  the  first  9  inches  of  depth.  Again,  Dr.  Yoelcker*8 
analyses  of  the  drainage-waters  from  the  same  field  showed  compara- 
tively little  loss  of  either  potash  or  phosphoric  acid  by  drainage. 

With  the  very  great  differences  in  the  amounts  of  produce  grown 
according  to  the  manure  supplied,  the  Table  (X)  shows,  in  the  main^ 
corresponding  differences  in  the  amounts  of  nitrogen,  total  mineral 
matter,  and  individual  ash-constituents,  taken  up.  For  the  sake  of 
brevity,  attention  must  chiefly  be  confined  to  the  variations  in  the 
amounts  of  potash  and  phosphoric  acid  in  the  produce  of  the  different 
plots. 

Of  potash,  about  three  times  as  much  was  contained  in  the  farmyard 
manure  crop  as  in  the  unmanured  one ;  and  there  was  more  than 
three  times  as  much  in  the  crops  grown  with  ammonium-salts  and 
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artificial  mineral  manare  containing  potash,  as  withoat  manure.  The 
quantities  of  potash  in  the  produce  in  the  other  cases  when  ammonin 
was  applied  have  an  obvious  connection  with  the  supply  of  it.  Of 
the  total  potash  in  the  crops,  onlj  from  one-fourth  to  one-third  is 
accumulated  in  the  grain,  excepting  in  the  case  of  Plot  11a,  where 
there  is  great  exhaustion  of  potash,  but  otherwise  conditions  favourable 
for  seed-formation,  and  here  the  proportion  of  the  total  potash  taken 
up  which  is  accnmulated  in  the  grain  is  greater,  and  the  amount 
remaining  in  the  straw  is  proportionally  lesis.  On  the  other  hand, 
the  proportion  so  remaining  is  the  greatest  where  the  supply  is  the 
most  liberal  (2,  13a,  and  7a). 

Of  phosphoric  add,  there  is  only  about  twice  as  much  in  the  highly 
artificial  manured  as  in  the  unmannred  produce.  But  a  much  larger 
proportion  of  the  whole  than  in  the  case  of  the  potash  is  accumulated 
in  the  grain.  In  fact,  whilst  only  about  one-fourth  or  one-third  of 
the  total  potash  of  the  crop  is  accumulated  in  the  grain,  about  three- 
fourths,  or  even  more,  of  the  total  phosphoric  acid  of  the  crop  is 
stored  in  the  grain. 

It  may  be  observed  in  passing,  that  only  a  very  small  proportion 
(about  one-tenth)  of  the  total  lime  of  the  crop  is  found  in  the  seed. 
Of  the  total  magnesia  generally  more  than  one-half,  of  the  sulphuric 
acid  a  very  small  proportion,  of  the  chlorine  scarcely  a  trace,  and  of 
the  silica  the  smallest  proportion  of  all,  is  found  in  the  grain-ash. 

Bearing  in  mind  the  foregoing  facts  as  to  the  very  variable  amounts 
of  the  different  ash-constituents  taken  up  under  the  very  different 
conditions  as  to  manuring,  and  as  to  the  very  different  distribution  of 
the  several  constituents  in  the  grain  and  straw  respectively,  we  are 
prepared  to  consider  in  what  proportion  they  exist  to  the  dry  sub- 
stance of  the  grain  and  straw  produced,  and  what  is  the  range  of 
variation  in  this  proportion  according  to  the  condition  of  supply  or 
exhaustion  on  the  different  plots.  These  points  are  illustrated  in 
Table  XI  (p.  42). 

The  general  uniformity  in  the  amounts  of  total  ash,  nitrogen,  and 
each  ash-constituent,  in  a  given  quantity  of  the  dry  substance  of  the 
grain  grown  uuder  such  very  varying  conditions  as  to  supply,  and 
with  such  very  varying  actual  amounts  taken  up  by  the  plant,  is  very 
striking.  The  exceptions  to  uniformity  are  so  obviously  coincident 
with  abnormal  exhaustion,  or  with  irregularity  in  maturation,  that 
the  evidence  is  even  the  stronger  that  with  equal  maturation — that  is 
with  uniformity  in  organic  composition — ^there  would  be  uniformity  in 
mineral  composition  also.  Further,  the  wide  differences  in  the 
amounts  of  the  different  ash-constituents  per  1000  dry  matter  of  the 
straw  show  in  what  variable  degrees  the  constituents  have  been  with- 
drawn from  the  general  stores  of  the  plant,  to  provide  the  necessary 
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qnantiiies  for  tbe  all  bat  nnifonn  requirements,  for  formation  or 
reserve,  of  a  ^ven  weight  of  the  final  product  of  the  plant — the  seed. 

Referring  to  some  of  the  exceptions  to  nniformity  in  mineral  com* 
position  of  the  grain  a  little  more  in  detail,  it  is  seen  that  the  lowest 
proportion  of  potash  is  in  the  grain  of  Plot  10a  with  ammonium-salts 
alone,  and  Plot  lla  with  ammoninm-salts  and  superphosphate  (without 
potash).  In  these  cases,  there  was  Terj  abnormal  exhaustion  of 
potash ;  and  consistently  with  this  the  proportion  of  potash  in  the 
straw  is  also  very  low.  It  may  be  noted  that  with  the  lower  propor- 
tion of  potash  in  the  dry  substance  in  these  oases,  there  is  a 
somewhat  higher  proportion  of  lime  in  both  grain  and  straw. 
Again,  the  uniformity  in  the  proportion  of  potash  in  the  dry  matter  of 
the  grain,  with  ammonium-salts,  superphosphate,  and  soda  (with 
residue  of  potash  12a),  with  ammoniura-salts,  superphosphate,  and 
potash  (13a),  with  ammonium -^ts,  superphosphate,  and  magnesia 
(with  residue  of  potash  I4a),  with  ammonium-salts,  superphosphate, 
soda^  potash,  and  magnesia  (7a),  and  with  farmyard  manure  (2),  is 
very  marked;  whilst  the  differences  in  the  amounts  in  the  cor- 
responding straws  are  not  only  very  considerable,  bat  have  a  very 
obvious  connection  with  the  supply  by  manure. 

The  most  prominent  exceptions  to  uniformity  in  the  proportion  of 
phosphoric  acid  in  the  dry  substance  of  the  grain  is  in  the  case  of 
Plot  10a,  with  ammonium-Raits  alone.  Here  there  is  very  abnormal 
exhaustion  of  phosphoric  acid,  the  proportion  in  the  dry  substance  of 
the  grain  is  very  low,  and  it  is  also  the  lowest  in  the  dry  substance  of 
the  straw.  With  the  lower  proportion  of  phosphoric  acid  in  the  dry 
substance  of  the  grain  in  this  case,  there  is  the  highest  proportion  of 
Bulphnric  acid,  but  the  excess  is  not  at  all  in  equivalent  amount. 

Thus  far  it  has  been  sought  to  elicit  the  teachings  of  this  second 
series  of  wheat  grain  and  straw-ash  analyses,  by  reference  to  two 
Bets  of  summary  tables ;  one  showing  the  mean  results  of  the  nine 
plots,  for  each  of  the  four  years,  and  the  other  the  mean  results  over 
tlie  four  years,  for  each  of  the  nine  differently  manured  plots  sepa- 
rately. It  will  be  well  Yiow  to  direct  attention  briefly  to  the  results 
as  given  in  more  detail  in  the  Appendix  Tables,  X,  XI,  and  XII,  in 
order  to  ascertain  how  far  such  examination  leads  to  accordant  con- 
clusions, or  brings  to  view  points  of  interest  or  importance  that  would 
otherwise  be  overlooked. 

The  Appendix  Table  X  shows,  for  each  of  the  nine  plots  separately, 
the  percentage  composition  of  the  ash  (of  grain  and  straw)  in  each  of 
the  four  years;  the  first  two  of  which  were  unfavourable,  and  the 
last  two  favourable  for  the  crop,  especially  the  last  of  the  four.  The 
four  seasons  were,  the  first,  fifth,  seventh,  and  twelfth,  of  a  series  of 
12  years.      It  should  be  further  observed,  that  after  the  third  of  the 
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foar  selected  years,  the  supply  of  potash  on  the  three  plots  annually 
receiving  it  (5a,  13a,  and  7a)  was  reduced  to  two-thirds  the  previous 
amount. 

On  examination  of  the  tahle,  it  is  seen  that  with  every  condition  aa 
to  manuring  without  exception,  whether  involving  an  excessive 
supply  or  an  exhaustion  of  potash,  the  percentage  of  pofash  in  the 
gfrain-ash  is  higher  in  the  two  later  and  better  seasons,  than  in  the 
two  earlier  but  inferior  ones.  In  the  straw-ashes  again  there  is,  with 
very  dilEerent  actaal  percentages  in  the  case  of  the  different  plotn, 
uniformly  an  increase  in  the  percentage  of  potash  in  the  ash  from  the 
first  to  the  third  of  the  four  years,  and  with  one  exception  some 
decline  in  the  fourth  year.  The  exception  is  on  Plot  7a,  where, 
besides  ammonium-salts  and  snperphosphate,  there  is  annually  applied 
a  considerable  excess  of  potash,  soda,  and  magnesia,  salts;  but  where, 
as  above  stated,  the  amount  of  potash  supplied  had  then  been  reduced 
for  several  years,  notwithstanding  which  the  percentage  of  potash  in 
the  straw-ash  is  increased.  The  decline  in  the  percentage  of  potash 
in  the  straw-ash  in  the  fonrth  and  best  year  of  the  series  in  the  other 
cases,  is  doubtless  in  great  measure  explained  by  the  fact,  to  which 
attention  has  already  been  called,  namely,  that  owing  to  favourable 
seed-forming  and  maturing  conditions  supervening  on  great  luxu- 
riance, and  therefore  great  accumulation  by  the  plant,  its  stores  were 
very  largely  drawn  upon  in  the  production  of  a  very  unusually  large 
amount  of  grain. 

The  details  further  show  that  with  the  uniform  increase  in  the  per- 
centage of  potash  in  the  grain-ash  in  the  two  later  and  better  seasons, 
there  is  at  any  rate  a  distinct  tendency  to  a  reduction  in  the  per- 
centage of  magnesia ;  but  not  in  compensating  degree. 

Almost  equally  as  marked  as  the  increase  in  the  percentage  of 
potash  in  the  grain-ash,  in  the  later  and  better  years,  is  the  decline 
in  the  percentage  of  phosphoric  acid  in  those  years.  And  as  the 
increase  in  the  percentage  of  potash  in  the  ash  was  manifest  in  the 
better  years  even  under  conditions  of  exhaustion  of  it,  so  here  the 
decline  in  the  percentage  of  phosphoric  acid  in  the  grain -ash  in  the 
better  years  occurs  even  where  there  was  a  liberal  annual  application 
of  it  by  manure.  The  greatest  decline  is,  however,  on  Plot  10a, 
manured  annually  with  ammonium-salts  alone,  and  where,  therefore, 
there  is  very  abnormal  exhaustion  of  phosphoric  acid.  Again,  with  the 
general  decline  in  the  percentage  of  phosphoric  acid  in  the  grain- 
ash  in  the  later  and  better  years,  there  is  also  a  general  decline  in  its 
percentage  in  the  straw-ash  in  those  years,  and  especially  in  the  last 
and  best  year,  even  where  the  supply  by  manure  was  liberal. 

With  the  general  decrease  in  the  percentage  of  phosphoric  acid  in 
both  the  grain  and  the  straw-ashes  in  the  later  years,  there  is  also  a 
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Terj  general,  but  not  nniform  increase  in  the  percentage  of  snlphnric 
acid.  This  increase  in  the  percentage  of  sulphuric  acid  in  the  later 
years  is,  however,  more  marked  in  the  straw  than  in  the  grain.ashes. 
Of  chlorine,  whether  the  grain  itself  contained  it  in  any  quantity  or 
not,  there  is  scarcely  a  trace  in  the  grain-ashes.  But  in  the  straw- 
ashes,  the  percentage  is  uniformly  higher,  and  sometimes  very  much 
higher,  in  the  later  and  better  years.  In  fact,  the  increase  in  the 
percentage  of  chlorine  in  the  straw-ashes  is  more  marked  than  is  that 
of  the  sulphuric  acid. 

Whatever  maybe  the  case  with  the  sulphuric  acid  (or  its  solphnr) 
there  is  no  evidence  leading  to  the  conclusion  that  chlorine  is  an  essen- 
tial constituent  of  the  ripened  grain;  but  the  question  obviously 
suggests  itself,  how  far  the  small  but  variable  amounts  of  salphurio 
acid,  and  the  almost  total  absence  of  chlorine,  in  the  grain-ashes,  have 
a  physiological  significance ;  or  whether  they  are  not  in  a  greater  or 
less  degree  dependent  on  the  conditions  of  the  incineration  in  the 
presence  of  phosphoric  acid  with  less  than  three  of  fixed  base.  Again, 
there  is  the  question  how  far  the  larger  and  variable  amounts  of  both 
sulphuric  acid  and  chlorine  in  the  straw'^ashes,  in  a  sense  compensate 
the  deficiency  of  phosphoric  acid  ;  or  how  far,  having  been  taken  up 
hy  the  plant,  or  the  sulphuric  acid  partly  due  to  oxidation  of  sulphur 
ia  the  burning,  they  remain  in  the  ash,  containing  as  it  does  bo  little 
phosphoric  acid  in  proportion  to  the  fixed  bases  present,  though  at  the 
name  time  so  much  silica.  There  is  in  fact  a  very  considerable  amount 
of  both  sulphuric  acid  and  chlorine  in  the  straw-ashes,  notwithstanding 
the  large  amount  of  silica  they  contain ;  bat  it  is  at  the  same  time  to 
he  noted  that,  as  a  rule,  the  relatively  high  percentages  of  sulphuric 
acid  and  chlorine  are  in  years  when  the  percentage  of  silica  is  relatively 
low. 

The  infiaence  of  the  variations  in  the  percentage  composition  of  the 
ashes  on  the  mineral  composition  of  the  dry  matter  of  the  produce  in 
the  different  seasons,  is  best  studied  in  the  Appendix  Table  XI,  in 
which  id  shown  the  amount  of  each  constituent  per  1000  of  dry 
matter,  grain  and  straw  respectively,  in  each  of  the  four  seasons, 
under  each  of  the  nine  different  conditions  as  to  manuring. 

In  discussing  the  first  series  of  ash-analyses,  which  related  to  the 
produce  of  three  very  differently  manured  plots,  in  sixteen  consecutive 
reasons,  it  was  seen  how  small  was  the  variation  in  the  mineral  com- 
position of  the  grain  due  to  manuring,  compared  with  that  due  to 
season,  that  is,  to  differences  in  the  conditions  of  seed -formation  and 
maturation.  Again,  the  consideration  of  the  mean  results  of  the 
nine  different  conditions  as  to  manuring,  in  each  of  the  four  years 
(Table  YII,  p.  34),  and  of  the  mean  results  over  the  four  years, 
for  each  of  the  nine  differently  manured  plots  (Table  X,  pp.  40--— 41), 
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t;howed   (10a  excepted)   more  variation  in  the  composition  of   the 
grain  according  to  season  than  according  to  manure. 

Quite  consistently,  the  details  given  in  Appendix  Table  XI,  show, 
under  each  of  the  nine  conditions  as  to  manuring,  a  notable  difference 
in  the  mineral  composition  of  the  grain  grown  in  the  four  different 
seasons,  with  their  very  different  seed-forming  and  maturing  con« 
ditions,  and  the  very  different  characters  of  the  grain  aocordingly. 
Owing,  however,  to  the  different  proportions  of  total  ash  under  these 
circumstances,  and  to  the  generally  relatively  small  amount  in  the 
grain  of  1863,  the  differences  in  the  mineral  composition  of  the  dry 
substance  of  the  grain  in  the  different  years  are  by  no  means  so  great 
as  might  be  anticipated  from  the  more  marked  differences  in  the 
percentage  composition  of  the  ash  itself.  Nevertheless,  the  amount  of 
potash  per  1000  dry  substance  of  the  grain  is,  with  every  condition  as 
to  manuring  without  exception,  higher  in  the  favourable  season  1858, 
and  almost  without  exception  in  the  extraordinarily  favourable  season 
]  863,  than  in  the  two  unfavourable  seasons.  On  the  other  hand,  the 
amount  of  phosphoric  acid  per  1000  dry  matter,  is  in  1858  almost 
without  exception,  and  in  1863  without  exception,  lower  than  in  the 
two  unfavourable  seasons.  In  the  season  of  18G3,  with  both  very 
large  quantity  and  very  high  quality  of  grain,  the  proportion  of  phos- 
phoric acid  is  indeed  very  low ;  and  the  potash  is  much  lower  than  in 
1858,  owing,  doubtless,  as  before  explained,  to  the  very  favourable 
seed-forming  and  maturing  tendency,  and  the  consequent  great  develop- 
ment of  organic  substance  (chiefly  starch)  in  relation  to  the  mineral 
matter  stored  up  in  the  grain. 

Thus,  the  results  of  Series  1,  with  three  very  different  conditions  as  to 
manuring,  each  over  sixteen  consecntive  seasons,  and  those  of  Series  2, 
relating  to  nine  different  conditions  as  to  manuring,  each  in  four  very 
different  seasons,  consistently  show  that,  under  otherwise  equalcircum- 
stances,  the  mineral  composition  of  wheat-grain,  excepting  in  cases  of 
very  abnormal  exhaustion,  is  very  little  affected  by  different  condi- 
tions as  to  manuring,  provided  only  that  the  grain  is  well  and  normally 
ripened.  Again,  the  results  consistency  show  that  the  composition 
may  vary  very  greatly  with  variations  of  season,  that  is  with  variations 
in  the  conditions  of  seed-formation  and  maturation,  upon  which 
the  organic  composition  of  the  gprain  depends.  In  other  words,  dif- 
ferences in  the  mineral  composition  of  the  ripened  grain  are  associated 
with  differences  in  its  organic  composition. 

Third  Series  of  AnalyaeB. 

In  considering  the  results  of  the  first  and  second  series  of  ash* 
analyses,  some  illustrations  of  the  effects  of  supply,  or  exhaustion^  have 
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been  giv^en.  Bat  as  the  first  series,  thougH  relating  to  the  produce  of 
sixteen  consecative  seasons,  included  the  resalts  for  only  three  differ- 
ent conditions  of  mannrtng,  and  as  the  second  series,  though  relating 
to  nine  different  conditions  as  to  manuring,  included  results  for  only 
four,  and  those  not  consecntire  seasons,  the  evidence  afforded  was  in 
either  case  somewhat  limited.  The  third  series,  now  to  be  discussed, 
was  arranged  with  more  special  reference  to  the  question  of  the 
effects  of  continuous  liberal  supply,  or  of  exhaustion,  of  constituents, 
both  on  the  quantity  and  the  composition  of  the  produce. 

This  third  series  of  ash- analyses  relates  to  the  produce  obtained 
over  a  period  of  twenty  consecutive  years,  1852 — 1871  inclusive,  on 
ten  differently  manured  plots,  in  the  experimental  wheat  field  which 
has  now  grown  the  crop  every  year,  commencing  1844,  up  to  the 
present  time.  Most  of  the  plots  in  the  field  consist  of  two  lands, 
designated  a  and  b  respectively.  Prior  to  1852,  but  especially  for  the 
crops  of  1846  and  1848,  the  a  and  the  b  portions  were  manured  some- 
what differently,  but  from  1852  to  1863  inclusive  they  were  manured 
alike.  It  will  be  observed  (see  p.  29)  that  in  seven  out  of  the  nine  con- 
ditions of  manuring  to  which  the  second  series  of  analyses  relates, 
the  produce  was  from  the  a  portions  of  the  plots ;  the  remaining  two 
not  being  divided  plots.  Of  the  ten  plots,  the  results  relating  to  which 
are  now  to  be  considered,  nine  are  substantially  the  same  as  those  to 
which  Series  2  relates.  Two  (2  and  3)  are  in  fact  absolutely  the  same, 
and  the  otl^er  seven  are  the  duplicate  or  6  portions  of  the  plots  which, 
during  the  whole  of  the  twenty  years  with  which  we  are  now  con- 
cerned, were  manured  precisely  as  described  for  the  a  portions  at 
p.  29. 

The  tenth  plot  now  incladed  is  10&,  which  also  during  the  period 
under  consideration,  was  manured  precisely  as  10a,  that  is,  it  receives 
ammonium-salts  alone,  and  in  the  same  quantities  every  year.  Prior 
to  1852,  however,  105  was  once  (in  1846)  unmanured  when  10a 
received  ammonium-salts ;  once  (1848)  10b  received  a  mineral  manure 
comprising  potash,  soda,  magnesia,  and  superphosphate  of  lime,  as 
well  as  ammonium-salts,  when  10a  received  ammonium-salte  alone; 
and  once  (1850)  106  received  the  same  mineral  manure  alone,  when 
10a  received  ammonium-salts  alone.  Thus,  during  the  years  prior  to 
the  period  now  in  question.  Plot  10b  twice  received  no  ammonium- 
salts  when  they  were  supplied  to  Plot  10a,  and  twice  received 
mineral  manure  when  10a  did  not.  It  is  of  much  interest,  therefore, 
to  ascertain  whether  there  is  any  difference  of  result  comparing 
the  one  plot  with  the  other,  due,  on  the  one  hand  to  less  mineral 
exhaustion  on  10&,  owing  to  less  ammonia  having  been  previously 
applied,  and  on  the  other  to  mineral  manure  having  been  twice 
directly  applied;  whether  in  fact  any  residue  of  the  mineral  manure 
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twice  previonsly  applied  remained  in  the  soil,  and  in  a  condition 
available  for  succeeding  crops. 

Referring  to  the  footnote  at  page  29,  for  details  as  to  quantities,  A«., 
the  general  description  of  the  manuring  of  the  ten  plots  is  given  on 
the  left  hand  of  Table  XIII,  page  52.  The  farmyard  manure  plot,  and 
the  unmanured  plot,  have  respectively  been  under  the  same  treatment 
every  year,  from  the  commencement  of  the  experiments  in  1843-4, 
and  each  of  the  other  plots  from  1851-2. 

From  the  produce  of  each  of  the  ten  plots,  ashes  were  prepared 
representing  the  grain  and  the  straw  separately,  of  the  ten  years 
1852-1861,  and  again  of  the  ten  years  1862-1871.  It  is  to  be 
regretted  that  similar  results  are  not  available  for  a  third  period  of  ten 
years,  to  1881  inclusive.  The  plan  adopted  was  to  take,  for  each  of 
the  ten  years,  an  amount  of  grain  proportional  to  the  amount  of 
produce,  mix  the  whole,  and  prepare  the  ash  from  the  mixture.  For 
example,  supposing  the  produce  in  one  year  were  1000  lbs.  of  grain 
per  acre,  in  the  next  year  1500  lbs.,  in  the  next  2000  lbs.,  and  so  on, 
then  1000, 1500,  and  2000  parts  were  taken,  and  so  on,  and  mixed 
together.  The  straw  ashes  were  in  like  manner  prepared  from  pro- 
portional mixtures  of  the  produce  of  straw. 

In  the  Appendix  Table  XIII,  will  be  found  in  detail  the  percentage 
oomposition  of  the  ashes  of  the  grain  and  straw  respectively ;  in  the 
Appendix  Table  XIY,  the  results  calculated  per  1000  dry  matter  of 
the  produce  (grain  and  straw)  ;  and  in  Appendix  Table  XV  the 
results  are  calculated  per  acre. 

It  is  obvious  that  before  we  can  form  a  trustworthy  judgment  how 
far  any  differences  in  the  composition  of  the  ash,  in  that  of  the  dry 
substance  of  the  produce,  or  in  the  yield  of  individual  constituent 
per  acre,  over  the  two  periods,  are  due  to  supply  or  exhaustion,  we 
must  decide  whether  the  first  ten  or  the  second  ten  seasons  were  the 
most  favourable  for  the  crop,  so  as  to  discriminate  as  far  as  possible 
between  results  due  merely  to  season,  and  those  due  to  manuring. 
.The  following  Table,  XII,  which  gives  the  mean  results  for  the  ten 
plots,  over  the  fijst  and  Booond  ten  years,  as  to  general  characters  of 
the  produce,  and  the  yield  per  acre,  of  grain,  straw,  and  total  produce, 
of  nitrogen,  total  mineral  matter,  and  of  each  ash-constituent,  will 
throw  light  on  the  characters  of  the  two  periods. 

It  is  seen  that  the  second  period,  though  yielding  less  straw,  and 
less  total  produce,  chitracters  which  indicate  less  luxuriance,  that  is, 
less  accumulation  during  the  vegetative  stages  of  the  development  of 
the  plant,  nevertheless  gives  more  grain,  a  higher  proportion  of  grain 
to  straw,  and  a  higher  weight  per  bushel  of  grain.  In  fact,  whilst  in 
the  country  at  large  only  three  of  the  first  ten  years  gave  more  than 
average  prodaoe  of  grain,  six  of  the  second  ten  gave  over  average; 
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Table  XII. 

General  Characters  of  the  Produce,  and  Quantities  per  Acre^  lbs. 
Mean  Results  for  the  Ten  Plots  over  each  Period. 


Q-rain. 

Straw. 

Total  produce. 

10  years, 
1852  -'61. 

10  year*, 
1862-71. 

10  years, 
1852-'61. 

10  years, 
1862-71. 

10  years, 
1852-'61. 

10  years, 
1862-71. 

Oruntio  100  straw 

Wdght  p^r  bushel 

of  grain 

Piroduce 

5itro^n 

Ash  ^ure) 

54*5 
lbs. 

57*1 
1740 
29*8 
28*9 

0-88 
8  07 
9*47 
0  06 
14*68 
0*35 
0*02 
0-22 

6»-7 
lbs. 

60-2 
1833 
28*0 
28*9 

0-98 
8  10 
9*67 
0  06 
14-38 
0-45 
0-03 
0*17 

lbs. 

3192 
14-3 
148-7 

7*64 
2  18 

29-93 
0-61 
4-69 
6-47 
5-23 

92-26 

lbs. 

2878 

11-5 
184-6 

8-49 
2-49 

25*85 
0-83 
4-28 
5*46 
5-27 

83-05 

lbs. 

4932 
44-1 
177*6 

8*52 
5 -25 

89-40 
0-67 

19-37 
6-82 
5-25 

92-48 

lbs. 

4711 
89-5 
163-5 

9-47 

Magnma 

Potash  ....... 

Soda. 

5-59 

34-92 

0-88 

Phosphoric  aoid 
Bnlphurie  aeid . 
Chlorine ..... 
BOica 

18-66 
5-91 
5-30 

83*22 

and  whilst  the  first  ten  years  gave  on  the  whole  less  than  average 
produce  of  grain,  the  second  ten  gave  more  than  average. 

It  is  clear,  therefore^  that  the  fivst  ten  years  were  on  the  average 
more  favonrahle  for  Itrxnriance,  that  is^  for  total  accumulation  hy  the 
pUmi,  bnt  that  the  second  ten  were  more  favonrahle  for  seed-formation 
and  maturation. 

Accordingly,  the  table  shows  that,  taking  the  average  of  all  the  plots, 
there  was  rather  more  nitrogen,  and  more  total  mineral  matter,  in  the 
total  produce  (g^rain  and  straw)  over  the  first  than  over  the  second  ten 
yean ;  and  so  far  as  the  individual  mineral  constituents  are  concerned, 
there  was,  on  the  average,  more  potash,  phosphoric  acid,  sulphuric  acid, 
and  silica,  but  less  lime,  magnesia,  soda,  and  chlorine,  taken  up  and 
retained  in  the  crops  over  the  first  ten  years.  There  was,  however, 
vith  the  more  favourable  seed-forming  tendencies  in  the  second  ten 
jears,  with  the  less  amount  of  total  mineral  constituents  taken  up  by 
the  plant,  as  much  or  more  of  almost  every  individual  mineral  consti- 
tnent  accumulated  in  the  grain.  The  only  cTception  to  this  of  any 
significance  is  that  there  was  slightly  less  phosphoric  acid  in  both 
grain  an  \  straw  in  the  second  ten  years. 

Theise  fa'*t6  as  to  the  characteristic  season  effects  of  the  two  periods 

s  2 
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on  the  accnmnlation  of  constituents  by  the  plant,  and  on  the  distribn- 
tion  of  them  in  grain  and  straw  respectively,  must  obviously  be  borne 
in  mind  in  comparing  the  results  obtained  over  the  two  periods  on  the 
differently  manured  plots. 

It  will  be  convenient  first  to  examine  the  evidence  of  effect  of  liberal 


Table  XIII. 
General  Characters  of  the  Produce,  and  Quantities  per  Acre^  on 


Ploti. 


I>e8cri ption  of  manuring. 


Weight  per  bnshel 
of  grain,  lbs. 


10  years, 
1862-'61. 


10  rears, 
1862-71. 


Grain  to  100  straw. 


10  years, 
1862-*61. 


10  years, 
1863-71. 


Prodnce  per  acre,  lbs. 


Grain. 


10  years, 
18ft2-*61. 


10  years, 
1862-71. 


straw. 


10  yeani, 

1862-'61. 


2.. 
3  . 
66 

10a 
106 
116 

IZh 

136 

146 

76 


Farmyard  manure 

Unmanured 

Saperphosphate  and  snlph., 
potash  soda  and  magn. 

Ammonium  salts  alone    ... 

Animoninm  salts  alone    ... 

Ammonium  salts  and 
superphoshate    

Ammonium  salta,  snpcr- 
phiisphate,  and  soda  sul- 
phate       ....  . 

Ammonium  salts,  super- 
phosphate, and  potash 
sulphate 

Ammonium  saits,  super- 
phosphate, and  magne- 
sia sulphate 

Ammonium  salts,  super- 
phosphate, and  sulph. 
pot.  soda,  and  magna. ... 

Direct  moans   


58*8 
56*8 

R7*2 
66*1 
66*3 

66*9 


68*0 
68*8 
68*0 
67*8 


87*1 


61*3 
69*4 

60*5 
69*1 
69*6 

68*9 


60*4 
61*2 
60*6 
60*7 


60*2 


66*6 
66*8 

69*2 
62-4 
63*2 

86*6 
64*6 
63*9 
63*4 
62*7 


64*6 


62*7 
71*0 

67*9 
66*3 
66*6 

64*6 


63-3 


69-9 


64*6 


69-9 


2146 
944 

1163 
1318 
1686 

1782 


2101 


2098 


2101 


2163 


63*7 


1740 


2336 

881 

1007 
1663 
1707 

1799 


2173 


2308 


2210 


2809 


1833 


3795 
1663 

1963 
2616 
2984 

8209 


8867 


8893 


8987 


4104 


8192 


supply,  or  exhaustion,  of  constituents  on  the  different  plots,  by  refer- 
ence to  the  difference  in  the  amounts  of  them  taken  up  and  retained  per 
acre,  over  the  two  periods  ;  and  afterwards  to  consider  the  influence  of 
supply  or  exhaustion  as  so  determined,  on  the  composition  of  the  ash, 
and  on  the  mineral  composition  of  the  dry  substance  of  the  prodnce, 
grain  and  straw. 

Table  XIII  records  the  general  characters  of  the  produce  of  each 
separate  plot,  both  as  to  quantity  and  quality,  over  each  of  the  ten-year 
periods. 

The  Table  (XIII)  shows  that,  as  when  taking  the  average  of  the  ten 
plots  (Table  XII),  so  under  each  of  the  ten  different  conditions  as  to 
manuring,  there  was  a  considerably  higher  proportion  of  grain  to 
straw,  and  a  considerably  higher  weight  per  bushel  of  the  grain,  over 
the  second  period.     On  the  other  hand,  in  every  case  (excepting  with 
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&rnijard  manare,  when  the  quantities  were  practically  equal),  there 
was  lees  produce  of  straw  over  the  second  ten  years  ;  and  the  deficiency 
is  obviously  proportionally  the  greater  the  more  defective  the  supply 
by  manure.  Owing,  however,  to  the  much  more  favourable  seed- 
forming  characters  over  the  second  period,  there  is  in  every  case, 


Table  XIII. 
esch  of  the  Ten  Plots,  over  each  of  the  Two  Ten-year  Periods. 


> 

Fto&aee  per  acre,  Iba. 

Nitrogen  per  acre,  llie. 

Stev. 

TotaL 

Grain. 

Straw. 

Total. 

Plot*. 

10y«re, 

i^a-Ti. 

10  jean, 
1852-61. 

10  yean, 
1862-71. 

10  years, 
1852-'61. 

10  yean, 
1862-71. 

10  years, 
1852-'61. 

10  years, 
1862-71. 

10  years, 
1852-'61. 

10  years, 
1862-71. 

1241 

0940 

2607 

6188 
2122 

36-9 
15-6 

36-9 
12-6 

15*9 
7-5 

13-8 
4-9 

52*8 
23-1 

50-7 
17-5 

2 
3 

1 

tui 

2S6& 

S126 
S834 

4&10 

2490 
3884 
4272 

19-0 
22-9 
27-5 

14-5 
2A-1 
26-5 

9-7 
12-3 
14-0 

6-5 
10*9 
12-1 

28-7 
35-2 
41-5 

20-0 
36*0 
38-6 

56 
10a 
106 

2790 

4991 

4589 

81-0 

281 

15-4 

13-6 

46 '4 

41-7 

116 

MI 

6968 

5604 

35  >8 

33-3 

15-8 

12 '1 

51  *« 

45*4 

126 

'     SSI8 

5991 

6153 

35*1 

34-0 

15-9 

15-5 

51*0 

49*5 

186 

1     »*» 

1 

6088 

5636 

361 

32-8 

17-5 

13-2 

53-6 

46*0 

146 

«»7 

6287 

6166 

381 

36-1 

19 '2 

13*9 

57-3 

50-0 

76 

ft78 

4982 

4711 

29*8 

28-0 

14-3 

11-6 

441 

39-5 

Means. 

excepting  without  manure,  and  with  mineral  manure  alone — that  is, 
with  rebitive  deficiency  of  available  nitrogen — a  larger  quantity  of 
grain  over  the  later  period.  In  fact,  there  was  more  grain  over  the 
second  period  than  over  the  first,  wherever  there  was  a  liberal  supply 
of  ammonium-salts.  It  was  so  even  where  these  were  applied  alone 
every  year  of  the  twenty,  and  for  a  greater  or  less  period  previously, 
as  on  Plots  10a  and  10&,  and  where  therefore  there  was  great 
mineral  exhaustion.  Notwithstanding  the  generally  higher  produce 
of  grain  over  the  second  period,  there  was,  with  the  less  growth  of 
straw,  very  generally  less  total  produce  (grain  and  straw  together) 
over  the  second  period.  The  exceptions  to  this  are  that,  with  farm- 
jard  manure  (2),  and  with  ammonium-salts,  superphosphate,  and 
potash,  every  year  (135),  there  is  some  little  excess  over  the  later 
jears*     There  is  also  slight  excess,  bat  on  a  much  lower  level  of  actaal 
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prod  ace,  even  on  10a,  the  most  mineral  exhansted  plot  of  all,  but 
where  there  was  relatively  verj  fall  supply  of  nitrogen  by  manure. 

It  is,  however,  only  when  we  compare  plot  with  plot  as  to  amount 
of  produce  that  the  effects  of  supply  or  exhaustion  of  mineral  con- 
stituents are  cleaHy  indicated.  These  are  best  brought  out  by  a 
comparison  of  the  produce  on  the  plots  each  of  which  receives  an 
equal  amount  of  ammonium-s»lts  every  year,  but  under  very  different 
conditions  as  to  mineral  supply.  Thus,  with  one  exception  only  in 
the  first  period,  and  without  exception  in  the  second  period,  there  is 
marlced  increase  in  total  produce,  the  more  liberal  the  supply  of  phos- 
phoric acid  and  potash ;  and  there  is  in  each  period  more  than  one 
and  a  half  time  as  much  produce  with  ammonium.-salts,  super- 
phosphate, and  potash  supply  (136  and  75)  as  with  ammonium-salts 
alone  (10a). 

Going  a  little  more  into  detail,  there  is  more  produce  on  10&  with 
ammonium-salts  and  a  residue  from  previous  application  of  super- 
phosphate and  potash,  than  on  10a  without  such  residue ;  there 
is  more  when  superphosphate  is  annually  applied  afresh  (lib)  ;  there 
is  again  more  with  the  further  addition  of  a  soda  salt  (12&),  or  a  mag- 
nesia salt  (Plot  14&),  with  in  both  cases  a  considerable  residue  of 
potash  from  previous  applications  (see  p.  48)  ;  there  is  more  still  with 
the  annual  addition  of  potash  (ISb) ;  and  lastly,  there  is  the  highest 
produce  in  the  series  on  Plot  7b,  where,  besides  the  ammonium-salts 
and  superphosphate,  there  is  an  annual  application  of  potash,  soda, 
and  magnesia  salts. 

Thus  there  is,  with  an  equal  amount  of  ammonium-salts  in  each 
case,  a  considerable  increase  by  the  addition  of  superphosphate,  and  a 
further  increase  accoi'ding  to  the  supply  of  potash.  The  amounts  of 
produce,  therefore,  afford  clear  evidence  of  the  relative  exhaustion  of 
available  phosphoric  acid  and  potash  on  some  plots,  and  of  the  effects 
of  their  supply  on  others.  A  consideration  of  the  amounts  of  produce 
over  the  second  period  compared  with  the  first,  further  illustrates  the 
relative  exhaustion  of  potash  on  the  different  plots.  Thus  on  Plots  10&, 
116,  12b,  and  146,  where  there  is  no  annual  supply  of  potash,  and  the 
residue  from  previous  applications  becomes  more  and  more  exhausted, 
there  is  notably  less  produce  over  the  second  period  ;  but  there  is  more, 
or  nearly  equal  produce  over  the  two  periods  on  Plots  136  and  7b,  where 
the  supply  of  potash  is  kept  up. 

The  columns  showing  the  average  amounts  of  nitrogen  yielded  per 
acre  per  annum  in  the  produce  over  the  two  periods  show,  with  equal 
amounts  supplied  by  manure,  very  different  amounts  taken  up  and 
retained  on  the  different  plots  with  their  different  mineral  supplies  ; 
there  being  much  more  so  taken  up  and  retained  where  there  was  no 
deficiency  of  phosphoric  acid  or  of  potash. 
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We  now  tnm  from  these  general  indications  of  the  effects  of  supply 
or  exhaustion  of  mineral  constituents,  to  the  evidence  afforded  bj  the 
amounts  of  these  in  the  produce  of  the  different  plots,  and  over  the 
two  periods.  Table  XIV  (pp.  56-57)  supplies  copious  illustrations  on 
these  points. 

Little  need  be  said  as  to  the  results  relating  to  Plot  2  with  farmyard 
manure,  Plot  3,  without  manure,  and  Plot  56,  with  a  complete  mineral 
manure  (including  phosphoric  acid  and  potash),  but  without  nitro- 
genous supply.  With  farmyard  manure  there  is  the  most,  without 
manure  the  least,  and  with  the  complete  mineral  manure  without 
nitrogen  not  much  more,  total  mineral  matter  stored  up  in  the  crop. 
The  details  show,  however,  that  the  excess  of  ash-constituents  in  the 
crop  of  the  farmyard  manure  plot  is  chiefly  in  silica,  but  in  some  degree 
in  phosphoric  acid ;  whilst  there  is  more  of  every  other  constituent, 
potash  included,  in  the  produce  of  one  or  more  of  the  artificially 
manured  plots. 

The  most  instructive  oomparison  is  that  between  the  plots  receiving 
the  same  amounts  of  ammonium-salts,  with  different  conditions  as  to 
mineral  supply  by  manure.  Confining  attention  first  to  the  amounts 
of  ash-constituents  in  the  iolal  produce,  it  is  seen  that  over  the  first  ten 
jears  the  quantity  increases  on  the  plots  in  question  in  the  following 
order :  lOo,  105,  115,  I2b,  136,  146,  76,  that  is,  abnost  exactly  in  the 
order  of  supply  by  manure,  especially  of  potash.  The  exception  is, 
that  Plot  146  without  direct  potash  supply  during  the  period  under 
consideration,  but  with  considerable  residue  from  previous  applications, 
gives,  over  the  first  period,  slightly  more  total  ash  than  136  with  its 
annual  fresh  supply  of  potash.  Over  the  second  period,  however,  when 
the  residue  of  potash  from  previous  applications  to  Plots  126  and  146 
becomes  more  exhausted,  136  with  its  annual  supply  yields  much  more 
than  either.  Again,  whilst  there  is  considerably  less  mineral  matter 
taken  up  over  the  second  period  compared  with  the  first  on  these  two 
plots,  there  is  no  reduction  in  the  amount  on  Plot  136  with  its  constant 
snpplj. 

There  is  in  fact,  whether  we  compare  plot  with  plot,  or  period  with 
period,  distinct  evidence  of  the  influence  of  supply  or  exhaustion  on  the 
total  amount  of  mineral  constituents  taken  up  and  retained  by  the  plant. 

Referring  to  the  total  amounts  of  individual  mineral,  or  ash-con- 
stituents, taken  up,  the  columns  relating  to  potash  more  clearly  indi- 
cate the  comparative  condition  of  the  plots  as  to  the  available  supply 
of  it.  Over  the  first  ten  years  there  was  more  taken  up  on  106,  with 
its  residue,  than  on  10a  without  it ;  there  is  not  quite  so  much  taken 
up  on  116,  with  superphosphate,  as  on  106,  doubtless  owing  to  greater 
exhaustion  previous  to  the  period  under  consideration;  there  is 
more   on   Plots   126  and  146  with  their  greater  previous  residue; 
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and  oonsiderably  more  still  on  Plots  136  and  7b  with  their  annual 
sapply.  The  results  relating  to  the  seccnd  period  illustrate  the 
different  condition  of  the  plots  still  more  strikingly.  There  is, 
with  the  increasing  exhaustion  uf  it,  less  potash  taken  np  over  the 
second  period  than  over  the  first  on  Plots  lOa,  106,  and  116.  Bat  the 
most  instructive  comparison  is  between  Plots  12&,  136,  and  146.     On 

Table  XIV. 

Average  Amounts,  per  Acre  per  Annv/m,  in  lbs.,  of  Total  Mineral  Matter  (Pure 

of  each  Plot,  over  each  oF 


Plots. 


Ash  (pare). 


10  years, 
1862-61. 


10  years, 
1862-71. 


Ferric  oxide. 


10  years, 
185&-'61. 


10  years, 
1862-71. 


Lime. 


10  years, 
1852-^61. 


10  years, 
1862-71. 


Maipiiesia. 


10  years, 
1862-'61. 


10  rears, 
1862-71. 


Potash. 


10  years, 
186:^'61. 


10  yearn, 
1862-71. 


Grain. 


2 

87-1 
16-4 
20-4 
20-8 
26-1 
29*8 
84-7 
84*4 
84-7 
86-2 

88*5 
14*9 
17-8 
22-7 
26-5 
27-4 
84-0 
86-8 
85*0 
86-9 

0-20 
0-12 
0-13 
0-16 
0-17 
0-18 
0-19 
0-28 
0-26 
0-26 

0*18 
0-09 
0-09 
0*14 
0-16 
0*18 
0-18 
0-22 
0-19 
0-21 

0*98 
0-61 
0-64 
0-81 
0-86 
1-13 
1*03 
0-99 
1-00 
1-01 

POO 
0-48 
0-49 
0-99 
1-06 
1-18 
1-22 
1-07 
1-20 
1-09 

4*06 
1-72 
2-15 
2-17 
2-65 
8-09 
8-67 
8-62 
8-71 
8-84 

4-28 
1-56 
1-84 
2 '47 
2-77 
2-90 
8*61 
3-88 
8-88 
8-96 

11-8 

5*5 

6-6 

7-1 

8 -ft 

9-8 

11-4 

11-3 

11*3 

11*9 

12-4 
4-9 
5-7 

7*7 
8-7 
8  "8 
11-4 
12-2 
11-6 
12-3 

9*6 

3 

bb  

lOa 

106  

116  

126 

136  

146  

i  V    •••■••       •■•# 

Mean  

28-9 

28-9 

0-19 

0-16 

0-88 

0-98 

8-07 

8-10 

9-5 

Straw. 


2 

20fi-4 
84-8 
106-4 
111-5 
127-7 
146-0 
169-4 
173-6 
17fi-6 
186-5 

209-5 
70-0 
86-2 
108 -1 
110-2 
122-6 
168-7 
172-1 
148-3 
166-3 

0-91 
0-62 
0-79 
0-71 
1-07 
0-84 
0-88 
0-86 
0-86 
1-04 

0-60 
0-46 
0-67 
0-46 
0-47 
0-66 
0-60 
0-66 
0-60 
0-66 

8-14 
4-27 
4-26 
6-62 
7-56 
8-68 
8-96 
9-07 
9-26 
9-62 

8-90 

8-68 

8-62 

8-00 

8-84 

10-49 

11-17 

10-18 

10-24 

9-92 

2-69 
1-27 
1*34 
1-81 
2-11 
2-86 
2-48 
2-41 
2-73 
2-71 

8-08 
1-09 
1-24 
219 
2-47 
2-78 
2-97 
2-86 
8-24 
3-03 

40-8 
18-5 
20-0 
20-2 
24-8 
21-6 
84-0 
41-9 
88-6 
44-1 

41-1 
10-4 
16-4 
16-4 
16-3 
17-2 
26-4 
43-0 
27-8 
40-7 

26 -S 

8 

56  

lOo 

106  

116  

126  

186  

146  

76  

Mean  

148-7 

184-6 

0-86 

0-64 

7-64 

8-49 

2-18 

2*49 

29-9 

Total  Produce, 


2 

3 

66  ., 
IQa  .. 
106  .. 
116  .. 
126  .. 
136  .. 
146  .. 

76  .. 

Mean 


242-6 
101-2 
126*8 
132-3 
162-8 
176-8 
204]f 
208-0 
210-8 
222-7 

177-6 


248-0 
84-9 
103-6 
130-8 
136-7 
149-9 
187-7 
208-4 
183-8 
202  -2 

168-5 


1-11 
0-74 
0-92 
0-87 
1-24 


02 
07 


1-09 
1-10 
1-30 

1-05 


0-78 
0-64 
0-66 
0-59 
0-62 
0-69 
0-78 


0 
0 
0 


77 
79 
77 


0-70 


9 

4 
4 
7 


07 
78 
80 
43 


8-41 

9-81 

9-98 

10-06 

10-25 

10-63 

8-62 


9-90 


4 
4 


•06 
■11 
8-99 
9-90 
11-67 
12-89 
11-26 
11-44 
11-01 

9-47 


6-64 
2-99 
8-49 


3 
4 

6 


•98 
•76 
•46 
6-16 
6-03 
6-44 
6-66 

5-26 


7*26 
2-66 
8-08 
4-66 
5-24 
5-68 
6-68 
6*69 
7-07 
6*99 

6-69 


62-6 
19-0 
26-6 
27-8 
83-8 
80-9 
46-4 
53-2 
49-8 
66-0 

89-4 


53-5 
16 -S 
21-1 
28-1 
26-0 
26-0 
37-8 
56-2 
89-1 
68-0 

84*9 
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Plots  12h  and  14ibf  with  their  rapidly  reducing  available  residue  of 
potash  from  previous  applications,  there  is  a  great  reduction  in  the 
amount  taken  up  over  the  second  period  compared  with  the  first, 
whereas  on  Plot  136,  with  its  liberal  annnal  supply,  there  is  even 
more  taken  up  over  the  second  period,  though  it  was  one  of  less 
general  luxuriance.     There  is  in  £Eu;t  oyer  the  first  period  about  twice, 

Table  XIV. 

Ash),  and  of  each  Ash-Constituent,  in  the  Grain,  Straw,  and  Total  Produce, 
the  Two  Ten-year  Periods. 


Soda. 


10  jean, 
1862-71. 


Phosphoric  add. 


10  years, 
1852-61. 


10  years, 
1862-71. 


Salptauric  add. 


10  yean, 
1852-'61. 


10  years, 
1862-71. 


Chlorine. 


10  years, 
1862-^61. 


10  years, 
1862-71. 


Silica. 


10  years, 
1852-61. 


10  years, 
1862-71. 


Plota. 


Grain, 


\ 

0*08 

0*06 

19*6 

20-1 

0-20 

0-34 

trace 

0-01 

0-3 

0-2 

2 

0-04 

0-02 

8-2 

7-5 

0-23 

0-22 

trace 

0-01 

0-1 

0-1 

3 

0-05 

0-02 

10-6 

8-8 

017 

0-30 

trace 

trace 

0-2 

0-1 

56 

0-04 

0-05 

0*6 

10-4 

0*59 

0-69 

0-12 

0-10 

0-2 

0-1 

10a 

0-06 

0-04 

12-2 

12-0 

0-42 

0-58 

0-04 

0-07 

0-2 

0-2 

106 

0-03 

0-07 

14*9 

13*6 

0*46 

0-53 

trace 

0-05 

0-2 

0-2 

116 

0-07 

0-07 

17-7 

17-0 

0-47 

0-40 

trace 

trace 

0-2 

0-2 

12> 

o-oi 

0-05 

17*7 

18-2 

0-25 

0-52 

trace 

trace 

0-2 

0-2 

136 

!     0-08 

0-04 

17-9 

17 '6 

0*28 

0-36 

trace 

trace 

0*2 

0-2 

146 

0-08 

0*04 

18*4 

18-6 

0-42 

0-54 

trace 

trace 

0-2 

0-2 

76 

0*06 

0-05 

14-7 

14*4 

0-85 

0-45 

0-02 

0  03 

0-2 

0-2 

Mean. 

Straw, 


0<23 

0*32 

6-9 

7*2 

6-99 

6-14 

6-78 

7-25 

133*6 

136-6 

2 

0-27 

0-14 

2-6 

2-2 

3-48 

2-50 

1-71 

1-57 

67-5 

48-5 

3 

0-15 

0-18 

4-2 

3-6 

4-59 

4-05 

2  59 

2-12 

69*1 

56-0 

56 

0-95 

0-91 

3*4 

3  0 

5*62 

5-26 

3-20 

2*69 

69-7 

70-8 

10a 

0-74 

1-21 

3*8 

2-8 

5-85 

4-84 

4-06 

3-63 

78*7 

70-4 

106 

1-54 

2-40 

4-9 

4-4 

6*34 

5-67 

3-59 

4*60 

96-9 

76-3 

116 

0-90 

1-70 

6-6 

4-8 

7-54 

6-26 

6-05 

6-74 

104-4 

95-3 

126 

0-36 

0-11 

5*2 

5-1 

7-89 

6*68 

8-27 

9*81 

99*6 

96-0 

136 

0-M 

1*07 

5  0 

4-8 

8-08 

6-17 

7*54 

6-00 

104-8 

90-0 

146 

0-42 

0-27 

5-4 

4-9 

8-35 

7-07 

8*62 

9*33 

108*3 

91-6 

76 

0-61 

0-83 

4-7 

4-3 

6 '47 

5-46 

5-23 

5-27 

92 '3 

83-0 

Mean. 

Total  Produce. 


0-31 

0-88 

26-5 

27-3 

7-19 

6-48 

6-78 

7-28 

133-9 

186-8 

2 

0-31 

0-16 

10-8 

9-7 

3-71 

2-72 

1-71 

1-58 

57-6 

48*6 

3 

,     0-20 

0-20 

14-7 

12-3 

4-76 

4-35 

2-59 

2-12 

69*3 

56-1 

56 

0-99 

0*96 

13-0 

13*4 

6-21 

5-95 

3-32 

2-79 

69-9 

70-9 

10a 

O-itf 

1-25 

16-0 

14-8 

6-27 

5-42 

4*10 

3-70 

78-9 

70-6 

106 

1-57 

2-47 

19-8 

18-0 

6-80 

6-20 

3-59 

4*65 

97-1 

76-5 

116 

0-97 

1-77 

28-2 

21-8 

8-01 

6-66 

6-05 

5-74 

104-6 

95-5 

126 

0-40 

0-16 

22-9 

23-3 

8-14 

7-20 

8-27 

9-81 

99-8 

96-2 

136 

0-62 

111 

22-9 

22-4 

8-34 

6-52 

7-54 

6-00 

105-0 

90-2 

146 

0-50 

0-31 

23-8 

23-4 

8-77 

7*61 

8*52 

9-33 

108-5 

91-8 

76 

0-67 

0-88 

19*4 

18-7 

6-82 

5-91 

5*25 

5-30 

92-6 

83-2 

Mean. 
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and  over  the  second  period  witH  the  decliniDg  amount  where  it  was 
not  applied,  about  two  and  a  half  times  as  much  potash  accumulated 
in  the  total  crop  (grain  and  straw),  where  it  was  liberally  supplied 
as  where  it  was  the  most  exhadsted  (10a),  the  supply  of  nitrogen 
being  equal  in  the  two  cases. 

It  may  be  noted  that  throughout  the  ammonium-salt  series  there  is 
rather  more  of  both  lime  and  magnesia  taken  up  over  the  second 
period  than  the  first ;  and  the  excess,  especially  of  lime,  is  generally 
the  greater  where  there  is  the  more  evidence  of  exhaustion  of  potash. 

Comparing  plot  with  plot  in  the  ammouinm-salt  series,  the  amount 
of  phosphoric  acid  taken  up,  though  obviously  not  independent  of 
supply  by  manure,  varies  considerably  with  equal  supply  of  it;  and 
the  variations,  especially  over  the  second  period,  are  obviously  in  some 
degree  connected  with  the  potash  supply,  and  the  variations  in  g^wth 
dependent  thereon. 

Further  examination  of  the  Table  (XIV)  wiU  show  that,  comparing 
plot  vrith  plot,  the  amounts  of  potash  accumulated  in  the  grain  show 
a  less,  and  those  remaining  in  the  straw  a  greater  range  of  variation, 
according  to  supply,  than  do  the  total  amounts  accumulated  in  the 
crop.  In  other  words,  by  the  exigencies  of  g^rain-formation,  the 
stores  of  the  entire  plant  have  yielded  up  to  the  grain  a  much  larger 
proportion  of  the  total  amount  taken  up  in  some  cases  than  in  others. 
For  example,  over  the  first  period  the  amounts  of  potash  in  the  total 
produce  of  plots  12&,  13&,  and  14^,  are  respectively,  45*4,  53*2,  and 
49'8  lbs.  per  acre,  whilst  the  amounts  in  the  grain  are  11*4,  11*3,  and 
11*3  lbs.,  and  those  remaining  in  the  straw  are  34*0,  41 '9,  and  38*5  lbs. 
Over  the  second  period,  the  point  is  still  more  clearly  illustrated. 
Thus,  the  amounts  of  potash  in  the  total  produce  of  the  three  plots 
were :  37*8,  55*2,  and  39*1  lbs. ;  the  amounts  in  the  grain  were  11*4, 
12*2,  and  11*6  lbs.,  and  in  the  straw  they  were  26*4,  43*0,  and 
27'5  lbs.  It  is  obvious  that  the  amounts  taken  up  on  18&,  with  the 
annual  supply,  were  in  excess  of  those  required  for  the  grain-forma- 
tion of  the  seasons  in  question. 

Upon  the  whole,  the  evidence  is  quite  distinct  that  the  amounts  of 
mineral  constituents  found  in  the  total  crop  on  the  dilEerent  plots 
were  very  directly  influenced  by  their  supply  or  exhaustion  within 
the  soil.  It  is  also  clear  that,  even  under  equal  conditions  as  to 
supply  of  nitrogen,  characters  of  season,  and  other  circumstances,  the 
final  distribution  of  the  mineral  constituents  in  the  grain  and  straw 
respectively  is  not  in  proportion  to  the  amount  in  the  total  plant,  but 
is  materially  influenced  by  the  seed-forming  characteristics  of  the 
seasons ;  the  amount  accumulated  in  the  gprain  being  fairly  equal  with 
very  different  amounts  stored  in  the  total  plant,  provided  this  supply 
be  not  below  a  certain  limit. 
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It  is  then  established,  that  the  amounts  of  the  mineral  or  ash-con- 
stitaents  found  in  the  total  crop,  have  a  very  direct  connection  with 
the  amounts  available  within  the  soil ;  but  that  the  amounts  stored 
up  in  the  grain  are  little  influenced  bj  the  quantity  taken  up,  pro- 
vided this  is  not  deficient.  It  is  in  fact  proved  that  the  conditions 
of  the  experiments  were  such  as  to  supply  the  data  necessary  for  the 
elucidation  of  the  quebtions  with  a  view  to  the  solution  of  which  they 
were  selected,  and  the  analyses  executed.  We  are  now  prepared  to 
consider  the  influence  of  supply,  or  exhaustion,  on  the  percentage  com- 
position of  the  ash,  of  the  grain,  and  of  the  straw,  and  on  the  relation 
of  the  mineral  constituents  to  the  dry  substance  of  the  produce. 

Table  XY  (pp.  60-61)  shows  the  percentage  of  nitrogen,  and  of 
total  mineral  matter  (pure  ash),  in  the  dry  substance  of  the  grain, 
and  of  the  straw,  of  each  plot,  over  each  of  the  two  periods.  It  also 
shows  the  percentage  composition  of  the  ash  in  each  case. 

Attention  has  already  been  called  to  the  facts  that,  taking  the  mean 
of  all  the  plots,  there  was  a  lower  percentage  of  total  mineral  matter 
in  the  dry  substance  of  the  grain  over  the  second  period  with  its 
higher  seed- forming,  and  better  maturing  characters ;  and  that,  with 
the  lower  proportion  of  total  ash  in  the  grain  of  the  better  quality, 
there  was  nevertheless  a  somewhat  higher  percentage  of  potash  and 
Hme,  a  lower  percentage  of  phosphoric  acid  and  silica,  and  with  this 
a  higher  percentage  of  sulphuric  acid,  in  the  ash. 

Taming  to  the  potash  columns  in  Table  XV,  the  details  show  a 
higher  percentage  in  the  ash  over  the  second  period  than  over  the 
first,  under  each  of  the  very  different  conditions  as  to  manure,  with 
the  single  exception  of  the  unmanared  plot  (3).  It  is  also  seen  within 
what  comparatiyely  narrow  limits  the  percentage  of  potash  in  the 
grain-ash  varies  under  such  very  widely  different  conditions  as  to 
supply  of  it  within  the  soil.  Its  percentage  in  the  straw-ashes,  on  the 
other  hand,  varies  very  much  more.  Thus,  in  the  grain-ashes  tho 
percentage  of  potash  varies  in  the  first  period  from  31*7  to  34*0,  and 
in  the  second  period,  with  its  better  maturing  conditions,  from  32*1 
to  34' 1 ;  whilst  in  the  corresponding  straw-ashes  it  varies  in  the  first 
period  from  14*8  to  24*1,  and  in  the  second  period  from  14' 1  to 
250. 

Although  the  percentage  of  potash  in  the  grain-ashes  is  thus  com- 
paratively uniform,  the  variations,  comparing  plot  with  plot,  are  never- 
theless consistent  with  the  variations  in  the  conditions  of  the  different 
plots.  Thus,  comparing  the  results  for  the  four  plots  each  with 
ammonium -salts  and  superphosphate,  one  with  soda  (12&),  one  with 
potash  (136),  one  with  magnesia  (14&),  and  one  with  potash,  soda,  and 
magnesia  (7&),  in  addition,  the  percentages  of  potash  in  the  grain- 
ashes  are,  over  the  first  period,  32*8,   32*9,  32*6,  and  32*9;   that 
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Table  XV. 

Percentage  of  NitrogeD,  and  Total  Mineral  Matter  (Pare  Ash),  in  the  Dry  Sab- 

the  Percentage  of  each  Con- 


Nitrogen. 

Aih  (pure). 

Ferric  oxide. 

IJme. 

Magnesia. 

PoCaah. 

Plots. 

• 

10  years, 

10  years, 

10  years, 

10  yearn. 

10  years, 

10  years. 

10  years. 

10  years, 

10  years, 

10  years. 

10  years. 

1862-'61. 

186-^71. 

1852-'61. 

1862-71. 

1852--61. 

1862-71. 

1882-'61. 

1862-71. 

1882-61. 

1862-71. 

1882-'61. 

Grain. 

2 

2-06 

1-84 

2-06 

1-92 

0-53 

0-45 

2-49 

2-59 

10-9 

11*0 

81*7 

8 

1-98 

1-70 

2-08 

2-00 

0-72 

0-87 

8*13 

3-22 

10*4 

10*8 

38*5 

56  ... 

1-95 

1-71 

2-10 

2-08 

0-63 

0-82 

2-66 

2-82 

10-8 

10*7 

82*8 

lOa  ... 

2-07 

1-90 

1-88 

1-72 

0-73 

0-61 

8-90 

4-38 

10-4 

10*9 

84*0 

106  ... 

2-07 

1-82 

1-88 

1-76 

0-67 

0-86 

8-41 

4-17 

10-6 

10*9 

83*9 

116  ... 

2-07 

1-84 

1*96 

1-79 

0-61 

0-46 

8-87 

4-31 

10-8 

10*6 

81*7 

126  ... 

2-03 

1-80 

1-97 

1*84 

0-56 

0-82 

2-97 

3-67 

10*6 

10*6 

82*8 

136  ... 

1-99 

1-74 

1*95 

1-86 

0*66 

0-62 

2-88 

2-96 

10-6 

10*8 

82*9 

146  ... 

2-05 

1-75 

1-97 

1-87 

0-72 

0-83 

2-87 

3-41 

10*7 

11*0 

32*6 

76  ... 

2-09 

1-86 

1*99 

1-89 

0-71 

0-86 

2-79 

2-94 

10-6 

10*7 

82*9 

Mean 

2-04 

1-80 

1-98 

1*86 

0-65 

0'84 

8-10 

8-48 

10*6 

10*7 

82*8 

8lraw. 

2 

0-60 

0-43 

6-44 

6-55 

0-45 

0-29 

8-96 

4-28 

1-27 

1*48 

19*9 

3 

0-64 

0-47 

6-08 

6-68 

0-73 

0-68 

8 '08 

8-12 

1-49 

1*86 

18*9 

56  ... 

0*59 

0-44 

6-45 

6*91 

0-74 

0-66 

4-00 

4-20 

1-26 

1*44 

18*8 

10a  ... 

0-58 

O-ftS 

5-27 

5*46 

0-64 

0-42 

8-98 

7-41 

1*68 

2*02 

18*2 

106  ... 

0-56 

0-56 

5*11 

5-08 

0-84 

0-43 

8-92 

8-02 

1*68 

2-24 

19*4 

116  ... 

0-57 

0-58 

5-41 

5-24 

0-58 

0-46 

6-94 

8-86 

1*63 

2*26 

14*8 

126  ... 

0*49 

0-42 

5-26 

6-32 

0-52 

0-39 

8-29 

7-27 

1-46 

1-98 

20*1 

136  ... 

0-49 

0-48 

6 -36 

8-32 

0-50 

0-32 

8-22 

8*91 

1-38 

1*66 

24*1 

146  ... 

0-53 

0-46 

6-81 

5-16 

0*48 

0*41 

8-27 

6*90 

1*88 

2-18 

22*0 

76  .. 

0-56 

0-43 

5-43 

6-11 

0-86 
0-60 

0-34 

8*18 
5-17 

6-00 

1-46 

1*83 
1*86 

28*7 

Mean 

0-53 

0-48 

6-66 

5-56 

0-44 

6*36 

1*48 

19*7 

is  very  nearly  identical,  but  slightly  higher  on  the  two  plots 
receiving  potash  (136  and  76).  Farther,  in  the  second  period, 
the  percentages  in  the  grain-ashes  of  the  same  four  plots  are : 
83'3,  33'5,  331,  and  33*4,  again  almost  identical,  but  with  a  ten- 
dency to  higher  results  on  the  two  plots  having  an  annual  supply. 
The  corresponding  straw-ashes,  on  the  other  hand,  show  very  wide 
differences,  which  have  a  very  marked  connection  with  the  known 
diffeiences  as  to  supply.  Thus,  the  percentages  of  potash  in  the 
straw-ashes  of  the  four  plots  are,  over  the  first  period,  20"1, 24'1,  22*0, 
and  23*7 ;  and  over  the  second  period,  with  the  increasing  exhaustion 

on  the  first  and  third  plots,  126  and  146,  they  are,  17'2,  250,  18*5, 
and  24*6. 

The  differences  in  the  percentages  of  potash  in  the  other  grain- 
ashes  are  also  consistent  and  significant.  The  lowest  percentages  in 
the  grain-ashes  are  in  those  of  116,  2,  and  56.     In  the  case  of  116,  with 
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Table  XV. 

fitanoe  of  tbe  Grain  and  Straw  of  each  Plot,  over  each  of  the  Two  Periods  ;  also 
siituent  in  the  Pure  Ash. 


Soda. 


10  yean, 


10  yean, 
1864-71. 


Photphoric  acid. 


10  yean, 
186^-*61. 


10  years, 
18ea-*71. 


Solphnric  acid. 


10  years, 
1862-^61. 


10  years, 
1862-71. 


Chlorine. 


10  years, 
1852-'61. 


10  years, 
1862-71. 


SiUca. 


10  years, 
1862-61. 


10  years, 
1862-71. 


Flota. 


Grain. 


n-z 

0-22 

0-16 

62-8 

62-2 

0*86 

0-89 

0-01 

0-02 

0*77 

0*66 

2 

M-2 

0-23 

0*13 

49-8 

60-8 

1-40 

1*44 

0-03 

0-07 

0*71 

0*60 

3 

22*8 

0-26 

0-10 

ftl*7 

60*9 

0*82 

1*69 

0-01 

0-02 

1-00 

0-69 

bb 

Ml 

0-18 

0*22 

46*8 

45*8 

2*84 

8*08 

0-59 

0-42 

1-17 

0-66 

10a 

M-I 

0-28 

0-17 

48*6 

47*0 

1*69 

2-26 

0-16 

0-27 

0-78 

0*60 

lOfr 

221 

0-11 

0-26 

60-8 

49-7 

1*56 

1*91 

0  01 

0-18 

0-83 

0  66 

116 

•    n-8 

0-19 

0-20 

61-0 

60-0 

1-37 

1*18 

0-01 

0*01 

0-60 

0-67 

124 

13 -S 

0-14 

0-14 

61-6 

60*2 

0-71 

1-43 

0*01 

0-01 

0-71 

0*60 

136 

S3-1 

0-18 

0-10 

61-6 

60-8 

0*78 

1*00 

0-01 

0-01 

0-67 

0*64 

146 

»-4 

0-20 

0-12 
0-16 

61-0 

60*1 

1*16 

1-46 

0-01 

0-01 

0-69 

0-64 

76 

a-2 

0-19 

60*6 

49*6 

1*28 

1-68 

0-09 

0*10 

0*79 

0*60 

Mean. 

Straw, 


19*6 

0*11 

0-16 

8*34 

8-43 

3-40 

2*93 

8*30 

3*46 

66*1 

66-2 

O 

14*8 

0-32 

0*21 

3*09 

3-1I 

4*11 

3*67 

2-01 

2-26 

67-8 

69-2 

3 

17*9 

0*14 

0-21 

8 -98 

4-12 

4-32 

4*70 

2-43 

2-46 

66-0 

64*9 

66 

14 -2 

0*86 

0*84 

8*06 

2-79 

6*05 

4*86 

2-87 

2-49 

62-6 

66-6 

10a 

14*8 

0-58 

1-09 

2-97 

2-66 

4-58 

4-40 

3*18 

3*30 

61*6 

63-9 

106 

14*1 

1-06 

1*96 

8*89 

8*68 

4-35 

4-63 

2*46 

8*78 

66-4 

61*6 

116 

17-2 

0*63 

111 

3-24 

3-14 

4-46 

4-07 

8-58 

3-73 

61-7 

62-0 

126 

25-0 

0-21 

0-06 

2*98 

2*97 

4*55 

3*89 

4*76 

6*69 

67-4 

66-8 

136 

18*5 

0*82 

0*78 

2-86 

3*24 

4-60 

4-16 

4-29 

4-05 

69-7 

60-7 

146 

24^ 

0-23 

0*16 

2*90 

2*98 

4*48 

4*28 

4  66 

6*64 

68-0 

66-4 

76 

18-1 

1 

0-44 

0-66 

3*17 

3-20 

4-39 

4-16 

3*34 

3*68 

62*5 

62-4 

Mean. 

BininoDiam-Balts  and  superphosphate,  there  is  forced  Inrariance  to  the 
utmost  limits  attainable  with  the  conditions  of  great  exhaustion  of 
potash,  which  latter  is  clearly  indicated  by  the  yery  low  per- 
centage in  the  straw-ashes.  In  the  case  of  Plot  2,  with  farmyard 
manure,  the  low  percentages  in  the  grain-ashes  are  not  dae  to  deficient 
supply,  as  corroborated  by  the  comparatively  high  amounts  in  the  straw- 
ashes  ;  but  rather  to  a  full  supply  of  every  constitaent  throughout  the 
periods  of  growth  and  maturation,  and  a  different  character  of  ripen- 
ing accordingly,  as  indicated  by  very  high  phosphoric  acid,  and  very 
low  sulphuric  acid.  That  the  percentage  is  also  low  in  the  grain- 
ashes  of  Plot  56,  with  fall  mineral  supply,  including  potash,  but  no 
nitrogen  supplied,  is  doubtless  dependent  on  the  total  want  of  luxuri- 
ance during  the  earlier  stages,  and  to  eventual  sluggish  ripening. 
Lastly,  the  highest  percentages  of  all  are  in  the  grain-ashes  of 
Plots  10a  and  105,  with  aminonium-salts  alone,  giving  forced  luxuri- 
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anoe  as  far  as  tbe  mineral  supply  will  permit,  but  where  there  is 
known  great  exhanstion  of  both  potash  and  phosphoric  acid,  and  so 
far  as  can  be  jndged,  greater  of  phosphoric  acid  than  of  potash ; 
espociallj  in  the  second  period,  as  indicated  by  the  low  percentages 
in  the  straw-ashes.  These  conditions  of  mineral  exhaustion  must 
obviously  materially  affect  the  characters  of  the  maturation. 

It  is  at  least  noteworthy  that,  with  the  generally  higher  percentages 
of  potash  in  the  grain-ashes  of  the  second  period  with  its  more  fayonr- 
able  seasons,  there  is  also  in  the  case  of  every  plot  a  higher  percent- 
age of '  lime,  and  a  slight  tendency  to  higher  percentage  of  magnesia 
over  that  period.  A  study  of  the  details  further  shows,  comparing 
plot  with  plot,  that  the  percentages  of  lime  are  generally  the  higher 
where  the  exhanstion  of  potash  is  known  to  be  the  greatest,  as,  for 
instance,  in  the  grain-ashes  of  Plots  10a,  105,  and  lib ;  and  again  in 
those  of  Plots  12b  and  145,  compared  with  those  of  136  and  7b. 

Turning  to  the  phosphoric  acid  columns,  it  is  seen  that  there  is  as 
distinct  a  tendency  to  lower  percentages  in  the  grain-ashes  of  the 
later  and  better  seasons,  as  there  was  to  higher  percentages  of  potash 
over  those  seasons.  This  is  very  marked  in  the  case  of  the  four 
comparable  Plots  126,  136,  145,  and  7b.  The  influence  of  relative 
exhaustion  of  phosphoric  acid,  that  is  exhaustion  having  regard  to  the 
amount  of  crop  grown,  is  also  very  clear.  Thus,  both  the  actual  and 
relative  exhaustion  of  phosphoric  acid  is  undoubtedly  the  greatest  on 
Plots  10a  and  106,  and  it  is  in  the  grain-ashes  of  these  plots  that  we 
have  the  lowest  percentages  of  phosphoric  acid  in  the  first  period,  and 
lower  still,  and  again  the  lowest  over  the  second  period. 

With  the  generally  lower  percentages  of  phosphoric  acid  in  the 
grain-ashes  in  the  second  ten  years,  there  is  in  every  case  (except- 
ing 126)  a  higher  percentage  of  sulphuric  acid ;  and  comparing 
plot  with  plot  the  percentage  of  sulphuric  acid  is,  over  both 
periods,  the  highest  where  the  exhaustion,  and  the  percentage, 
of  phosphoric  acid  are  the  lowest  (10a  and  106).  Again,  with 
the  generally  lower  percentages  of  phosphoric  acid  in  the  grain- 
ashes  over  the  second  period,  there  is,  under  eveiy  condition  as 
to  manuring,  a  lower  percentage  of  both  ferric  oxide  and  silica; 
and  small  as  are  the  actual  percentages  of  these  constituents  in  the 
grain-ashes,,  the  result  is  too  uniform  to  be  without  some  significance.* 

*  With  regard  to  both  ferric  oxide  and  silica  it  should  be  stated,  however,  that  their 
relative  amounts  in  ashes  are  yerj  generallj  found  to  rise  and  tall  with  the  amounts 
of  '*  sand,"  and  as  the  amounts  of  this  are  liable  to  be  higher  in  the  less  favourably 
matured  and  harvested  crops,  we  should  expect  less  ferric  oxide  and  silica  due  to 
adventitious  matters  in  the  more  favourable  seasons.  It  may  be  added  that  the 
mean  percentages  of  sand  in  the  grain-ashes  were,  in  those  of  Series  1,  1*66,  of 
Series  2,  0'09,  and  of  Series  8,  0'9I ;  and  in  the  straw-ashes  they  were,  in  those  of 
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It  may  perhaps  be  considered  establislied  that  iron  plays  an  important 
part  daring  the  vegetative  or  green  stages  of  the  life  of  the  plant ; 
bnt  there  is  not  evidence  of  eqnal  weight  leading  to  the  conclnsion 
that  iron  is  essential  to  grain  formation ;  though  its  accumulation  in 
the  seed  may  be  of  importance  when  the  young  plant  grown  from  it 
first  produces  green  leaves. 

We  now  turn  from  a  consideration  of  the  percentage  composition  of 
the  ashes,  to  that  of  the  relation  of  the  mineral  constituents  to  the 
oiganic  substance  produced.    This  is  shown  in  Table  XYI  (pp.  64-65). 

It  is  seen  that,  with  a  lower  proportion  of  total  ash-constituents  in 
the  second  and  better  maturing  period,  there  is  (with  slight  excep- 
tions in  the  case  of  the  lime  and  the  sulphuric  acid),  a  lower  propor« 
tion  of  each  individual  ash-constituent  in  the  dry  substance  of  the 
grain  under  each  of  the  very  different  conditions  as  to  manuring. 
This  lower  proportion  of  ash-constituents  to  oi^ganic  substance  pro- 
duced, is  moreover  coincident  with  a  lower  proportion  of  nitrogen  in 
the  dry  substance,  under  each  of  the  ten  conditions  as  to  manuring.  It 
is  also  coincident  with  a  higher  weight  per  bushel  of  the  grain  in 
every  case.  The  lower  proportion  of  the  several  ash-constituents  is 
therefore  associated  with  better  ripening,  a  lower  proportion  of  nitro- 
genous, and  a  higher  proportion  of  non-nitrc^nous,  constituents 
(carbohydrates),  produced. 

To  go  a  little  more  into  detail : — 

It  will  be  remembered  that  the  grain-ashes  showed  (with  one  excep- 
tion) a  higher  percentage  of  potash  under  every  condition  as  to 
manuring  over  the  second  and  more  favourable  period  than  over  the 
firfft ;  but  when  the  potash  is  calculated,  not  to  100  of  ash,  bnt  to  1000 
of  dry  substance,  we  find  with  the  lower  proportion  of  total  mineral 
matter,  a  lower  proportion  of  potash  in  the  dry  substance  of  the  grain 
of  the  later  and  better  maturing  period,  under  every  condition  of 
manuring  without  exception.  And  whereas  there  was  the  apparent 
anomaly  of  relatively  high  percentage  of  potash  in  the  grain-ash  where 
it  was  much  exhausted  (10a  and  105),  we  have  the  lowest  proportion 
to  the  dry  substance  produced  on  the  three  most  potash-exhausted 
plots  (10a,  10&,  and  11&),  namely,  639,  6*39,  and  622,  in  the  first 
period,  and  5'87,  5'98,  and  5*76,  over  the  second  period,  with  its 
greater  exhaustion.  The  straws  of  these  plots  also  show  the  lowest 
proportion  of  potash  to  dry  substance. 

Again,  on  the  four  comparable  plots,  125,  l35,  145,  and  75,  the 
quantities  of  potash  per  1000  dry  substance  of  grain,  are,  over  the  first 

Series  1,  2*23,  of  Series  2,  219,  and  of  Series  8,  2*28.  Comparing  the  rosolts  for 
the  two  periods  of  Series  3,  the  mean  percentage  of  sand  in  the  grain-ashes  of  the 
first  period  was  1'09,  and  of  the  second  period,  073 ;  and  in  the  straw-ashes  it  was, 
in  thoae  of  the  first  period  2'74,  and  of  the  second  period  1*81. 
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Table  XVI. 
Quantity  of  Mineral  Matter  (pare  Ash),  and  of  each  Ash- 


* 

AAh  (pare). 

Ferric  oxide. 

lime. 

Magnesia. 

Potash. 

Plots. 

10  yeara, 
1852-'61. 

10  yeans 
1862-71. 

10  yean, 
18ft2-*61. 

10  years, 
18e2-'71. 

10  yearn, 
185:^'61. 

10  years. 
186a-'71. 

10  years, 
1852-'61. 

10  years, 
1862-71. 

10  years, 
1852-61. 

10  years, 
1862-71. 

Grain. 

2 

20*6 
20-8 
21  0 
18-8 
18-8 
19*6 
19-7 
19-6 
19-7 
19-9 

19-2 
20*0 
20-3 
17-2 
17 -ft 
17*9 
18-4 
18-6 
18-7 
18*9 

0-11 
O'lft 
0-13 
0*14 
013 
0*12 
0*11 
0*13 
0-14 
0*14 

0-09 
0*11 
0-11 
0*11 
0-10 
0-08 
0-09 
0*11 
0-10 
0-11 

0-51 
0*65 
0*ft6 
0-73 
0*64 
0-76 
0-58 
0-56 
0-S6 
0-Sft 

O-JW 
0*6ft 
0*67 
0*76 
0*73 
0*77 
0*66 
0-6S 
0-64 
0-66 

2*2ft 
2*17 
2-21 
1*96 
1*99 
2*06 
2-08 
2-06 
211 
2*11 

2-10 
2*11 
2-16 
1-88 
1*90 
1*90 
l-9ft 
1*96 
2*04 
2*03 

6-ft2 
6*98 
6-79 
6*39 
6-39 
6*22 
6-46 
6*43 
6*41 
6-53 

6*18 
6*65 
6*66 
fl-87 
ft -98 
ft -76 
6*14 
6*22 
6*16 
6-33 

3 

M  

lOa  

lO'i  

llii  

12'>  

184  

lib  

Tt,  

Moan  

19-8' 

18*6 

0*13 

0-10 

0*60 

0-63 

2-10 

2*00 

6*48 

6*16 

Straw, 

1 

2 

64-4 
60-8 
64 -ft 
62-7 
Rl-1 
64-1 
R2-ft 
63*6 
ft3-l 
64-8 

6ft  *& 
66-8 
69*1 
54*6 
60-8 
ft2-4 
R3-2 
63-2 
ftl-R 
ftl-1 

0*29 
0-44 
0*48 
0-34 
0*43 
0*31 
0-27 
0-26 
0-26 
0*30 

0*19 
0-43 
0-4ft 
0-23 
0-22 
0-24 
0-21 
0-17 
0-21 
0*17 

2-M 
3*06 

2  S8 
3-13 

3  02 
8-22 
2-78 
2-80 
2  SO 
2*80 

2-78 
3-42 
2*90 
4*04 
4-08 
4*48 
3-86 
3*lft 
3 -56 
3*06 

0*81 
0-91 
0-81 
0-86 
0*84 
0*88 
0*77 
0*74 
0-82 
0-79 

0*98 
1*04 
0*99 
1-10 
1-14 
1*18 
1*03 
0-88 
1-13 
0*94 

12-80 

9*65 

12*09 

9  •57 

9*90 

8-00 

10  54 

12*90 

11-65 

12-84 

12*83 
9*91 

12-34 
7-76 
7*63 
7*37 
9-14 

13*29 
9*55 

12*58 

3 

66  

10a 

10/>  

116  

126  

136  

146  

76 

Mean 

55*6 

56*6 

0*32 

0-22 

2-86 

3*ft0 

0*81 

1*08 

11*19 

10*46 

^^^ 

period,  6*46,  6'43,  6'41,  and  6*53,  or  almost  identical  amonnts ;  and 
over  the  second  period,  6'14,  6'22,  6*16,  and  6'33,  that  is,  lower 
amonnts,  and  quantities  which  are  nearly,  hut  not  quite,  as  uniform 
as  those  over  the  first  period.  The  differences,  slight  as  thej  are,  are, 
however,  quite  consistent  with  the  known  di£Ference8  as  to  available 
supply.  Thus,  the  residue  from  previous  applications  of  potash  to 
plots  12b  and  14&  was  becoming  much  reduced,  and  the  accumulations 
from  annual  supply  to  plots  136  and  7b  were  becoming  greater  over 
the  second  period ;  and  accordingly  there  is  a  slightly  lower  propor- 
tion of  potash  in  the  dry  substance  of  the  grain  of  the  two  potash 
exhausted  plots ;  and  the  proportions  in  the  dry  substance  of  the  straw 
of  the  four  plots  show  very  wide  differences,  due  to  supply  on  the  one 
hand,  and  to  exhaustion  on  the  other.  Thus,  on  the  two  potash 
exhausted  plots,  12b  and  145,  the  proportions  of  potash  in  the  dry  sub- 
stance of  the  straw  are  9' 14  and  9'55,  and  on  the  two  plots  with 
annual  supply  they  are  13*29  and  12*58. 
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Table  XVI. 
Goostiinent  per  1000  Dry  Substance  of  Grain  and  of  Straw. 


10  f carp. 


10  yeani, 
1862-71. 


Fhosphoric  acid. 


10  years, 
1862-'61. 


10  rears, 
1862~*71. 


Sulpboric  acid. 


10  yeare, 
1852- '61. 


10  years, 
1862-71. 


Chlorine. 


10  years, 
1862-'61. 


10  years, 
1862-71. 


Silica. 


10  years, 
1862-'61. 


10  years, 
1862-71. 


Plots. 


Grain. 


0-06 

0-03 

10-87 

10-01 

0-11 

0-17 

trace 

trace 

0-16 

0-11 

0-OS 

0-03 

10-37 

10-07 

0-29 

0-29 

trace 

0-01 

0-15 

0-12 

0-06 

0'02 

10-86 

10-36 

0-17 

0-35 

trace 

0-01 

0-21 

0-12 

0-03 

0-04 

8-70 

7-89 

0-53 

0-52 

0-11 

0-07 

0-22 

O-ll 

0-04 

0-03 

9-16 

8-24 

0-32 

0-39 

0-03 

0-05 

0-15 

0-11 

0-02 

0-05 

9-95 

8-92 

0-31 

0-34 

trace 

0-03 

0-16 

010 

Q-M 

0-O4 

10-05 

9-21 

0-27 

0-22 

trace 

trace 

0-12 

0-10 

0-03 

0-03 

10-05 

9-31 

0-14 

0-27 

trace 

trace 

0-14 

0-11 

0*04 

0-02 

10-15 

9-38 

0-15 

0-19 

trace 

trace 

0-13 

0-12 

0-O4 

0-02 

10  12 

9-49 

0-23 

0-28 

trace 

trace 

0-14 
0-15 

0-12 

0-04 

0-03 

10-05 

9-25 

0-24 

0-29 

0-01 

0-02 

0-11 

2 
3 

56 
lai 
106 
11'^ 
126 
136 
146 

76 


year. 


Straw. 


0-07 

0-10 

2-16 

2-25 

2-19 

1-92 

2-13 

2-27 

41-91 

42-71 

2 

0-19 

0-14 

1-88 

2-08 

2-49 

2-39 

1-22 

1-60 

41-19 

46-25 

3 

0-09 

0-14 

2-63 

2-84 

2-78 

3-25 

1-57 

1-70 

41-88 

44-83 

56 

0-46 

0-46 

1-61 

1-62 

2-66 

2-66 

1-51 

1-36 

32-94 

35-76 

10a 

O-JO 

0-66 

1-52 

1-29 

2-34 

2-23 

1-62 

1-67 

31-47 

32  -47 

10'> 

0-67 

1-03 

1-84 

1-90 

2-35 

2-42 

1*33 

1-97 

35-94 

32-20 

116 

0-28 

0-59 

1-70 

1-66 

2-34 

2-17 

1-88 

1-99 

32  -39 

32  -96 

I2!f 

O-ll 

0-03 

1-59 

1-68 

2-43 

2-06 

2-55 

8*03 

80-70 

29-66 

136 

0-17 

0-37 

1-51 

1-67 

2-45 

2-14 

2-28 

2-09 

31-69 

31-28 

146 

0*12 

0-06 

1-57 

1-52 

2-43 

2-19 

2-48 

2-88 

81*50 

28-29 
34-28 

76 

0-23 

0-34 

1-75 

1-77 

2 '42 

2-25 

1-96 

2-17 

84-48 

Mean. 

The  percentages  of  phosphoric  acid  in  the  grain-asbes  varied  more 
according  to  supply  or  exhaustion  than  did  those  of  the  potash,  but 
with  one  exception  (the  unmannred  plot  3),  the  percentage  was  lower 
oyer  the  second  period  than  the  first.  In  every  case,  without  excep- 
tion. Table  XVI  shows  a  lower  proportion  of  phosphoric  acid  in  the 
dry  substance  of  the  grain  over  the  second  period ;  and  over  both 
periods  a  much  wider  range  of  variation  in  the  proportion  comparing 
plot  with  plot,  that  is,  according  to  supply  or  exhaustion,  than  in  the 
case  of  the  potash.  Thus,  in  the  first  period  the  proportion  of  phos- 
phoric acid  in  1000  dry  substance  of  the  grain  ranged  from  8*70  with 
ammonium-salts  alone,  to  10  87  with  farmyard  manure ;  and  in  the 
second  period  from  7'89  with  ammoninm-salts  alone  to  10*35  with 
mineral  manure  alone.  On  the  other  hand,  the  four  plots,  12b,  135, 
146,  and  76,  show  almost  uniform  proportions,  namely,  lO'CS,  10-05, 
10-15,  1012,  over  the  first  period,  and  921,  9  31,  938,' and  9*49,  over 
the  second  period.     The  very  low  proportions  of  phosphoric  acid  in 
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the  dry  substance  of  the  grain  under  the  conditions  of  very  abnormal 
exhaustion  of  it  on  Plots  10a  and  106,  with  ammonium- salts  alone, 
are  accompanied,  over  the  first  period  with  very  low  weight  per  bushel 
of  the  grain,  indicating  low  condition  of  maturation,  and  over  the 
second  period  with  lower  weights  per  bushel  than  on  the  four  plots 
above  referred  to.  There  is  also  very  low  proportion  of  phosphoric 
acid  in  the  dry  substance  of  the  grain  of  Plot  lib  with  an  annual 
application  of  superphosphate,  and  therefore  relative  excess  of  phos- 
phoric acid  supplied,  but  with  nevertheless  very  defective  grain  for- 
mation owing  to  great  exhaustion  of  potash  ;  and  here  again  there  is 
very  low  weight  per  bushel.  As  indicated  in  the  percentage  com- 
position of  the  ash,  there  is  also  in  proportion  to  the  dry  substance, 
the  highest  amount  of  sulphuric  acid  with  the  lowest  amounts  of 
phosphoric  acid  in  the  grain  of  Plots  10a  and  105,  but  by  no  means  in 
compensating  equivalent  proportion. 

The  results  of  this  third  series  of  ash-analyses,  specially  arranged 
to  trace  the  efPects  of  supply  or  exhaustion  of  ash- constituents  on  the 
composition  of  the  ash,  and  of  the  crop,  agree  with  those  of  Series  1 
and  2,  in  showing,  in  the  case  of  the  grain,  much  greater  uniformity  in 
the  composition  of  the  ash,  and  in  the  proportion  of  ash-constituents 
to  dry  substance,  than  in  that  of  the  straw.  It  is  seen  that,  under 
otherwise  equal  conditions,  the  amounts  of  the  mineral  constituents 
taken  up  by  the  plant  over  a  given  area,  depend  very  directly  on  the 
amounts  in  available  condition  within  the  soil.  Further,  with  very 
different  amounts  so  taken  up  over  a  given  area,  the  amounts  stored 
up  in  the  grain  will,  other  conditions  being  equal,  be  very  nearly 
uniform ;  whilst  the  amounts  remaining  in  the  straw  will  have  a  very 
obvious  connection  with  the  supply  or  exhaustion. 

The  results  also  agree  with  those  of  the  former  series,  in  show- 
ing very  distinctly  the  influence  of  season  on  the  composition 
of  the  grain-ashes,  and  on  the  proportion  of  the  ash-constituents  to 
the  dry  substance  of  the  grain ;  and  that  these  differences  in  the 
mineral  composition  of  the  grain,  dependent  on  season,  are  associated 
with  very  different  conditions  as  to  maturation,  and  accordingly  with 
different  characters  of  the  organic  substance  produced. 

As,  however,  this  third  series  of  ashes  represents  the  average  pro- 
duce of  two  periods,  respectively  of  ten  years  each,  which,  though  of 
obviously  varying  average  characters,  do  not  show  anything  like  the 
extremes  of  individual  good  and  bad  seasons,  the  results  do  not  illus- 
trate in  so  marked  a  manner  the  varying  effects  of  season  as  do  those 
of  Series  1  and  Series  2.  On  the  other  hand,  the  analytical  results 
last  considered  do  represent  very  marked  variations  in  the  conditions 
of  supply,  or  exhaustion,  of  mineral  constituents.  Hence,  contrary  to 
those   before  discussed,   they  show  a   wider  range  in  the  mineral 
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composition  according  to  mannre  than  according  to  season.  Never- 
fchelesB,  it  is  evident  that,  when  the  snpplj  of  any  mineral  constituent 
18  not  defective  below  a  certain  limit  in  relation  to  the  other  con- 
ditions of  g^wth,  the  mineral  composition  of  the  grain  is  very  uniform. 
It  is,  indeed,  very  uniform,  notwithstanding  there  may  be  a  very 
great  excess  of  supply,  and  a  relatively  very  great  excess  taken  up  by 
the  plant,  in  which  latter  case  a  large  excess  remains  in  the  straw.  In 
facty  the  composition  of  the  grain  only  varies  in  any  marked  degree 
according  to  manure,  when  there  is  very  abnormal  deficiency  of  one 
or  more  constituents,  having  regard  to  the  amount  of  gfrowth  which  is 
induced  by  the  liberal  supply  of  others. 

At  the  commencement  of  our  paper,  it  was  stated  that  it  was'  not 
proposed  to  treat  the  subject  exhaustively.  Accordingly,  attention 
has  mainly  been  confined  to  an  attempt  to  point  out  some  of  the 
most  important  conclusions  to  which  a  consideration  of  the  enormous 
amount  of  experimental  result  recorded,  seemed  to  lead.  The  discus- 
sion has  nevertheless  necessarily  been  one  of  much  detail.  It  has  at 
the  same  time  served  to  raise  many  points  of  interest,  and  to  suggest 
lines  of  study  which  neither  the  time  nor  the  space  at  our  disposal 
will  allow  us  to  follow  up.  There  are,  indeed,  various  aspects  of  the 
subject,  chemical,  physiological,  and  agricultural,  which  it  might  be 
expected  we  should  consider.  Some  of  these  will  be  more  appro- 
priately discussed  when  the  results  of  the  analyses  of  the  ashes  of 
other  crops  than  wheat  have  been  given.  Thus,  we  have  a  series  of 
ash-analyses  relating  to  the  produce  of  barley  grown  under  different 
conditions  as  to  season  and  manuring ;  a  series  relating  to  some 
leguminous  crops,  including  the  bean-plant  at  different  stages  of 
growth ;  a  series  relating  to  root-crops,  and  to  potatoes ;  a  series 
relating  to  crops  grown  in  rotation,  but  with  different  manures ;  and 
lastly,  a  large  series  relating  to  the  mixed  herbage  of  g^rass  land,  that 
is  to  the  mixed  produce  of  numerous  species  of  plants  growing  in 
association,  which  are  not  allowed  fully  to  ripen,  but  are  cut  at 
various  stages  of  development  short  of  complete  maturation.  In  the 
meantime  we  submit  the  results  relating  to  the  mineral  composition 
of  wheat-grain  and  wheat- straw,  with  such  comments  as  their  study 
seemed  to  suggest,  as  a  substantial  contribution  to  a  limited  branch 
of  the  subject  of  the  ash-constituents  of  our  crops. 

In  conclusion,  extensive  and  comprehensive  as  has  been  the  inquiry 
within  its  own  limits,  it  must  be  borne  in  mind  that  the  results  relate 
to  the  produce  obtained  on  one  description  of  soil,  and  in  one 
locality  only.*     Still,  the  number  of  very  widely  different   seasons 

*  It  Ifl  true  that  once  wifchin  the  period  to  which  the  results  relate,  there  was  a 
change  of  seed  from  one  description  to  another  not  very  widely  different ;  but  the:e 
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over  wHich  the  experiments  have  extended,  and  the  very  widely  dif- 
ferent conditions  as  to  manuring  of  the  different  plots,  have  probably 
provided  a  much  greater  range  of  conditions  of  growth  than  would 
have  been  secured  had  the  experiments  been  made  in  fewer  seasons, 
on  various  soils,  and  in  various  localities,  but  with  more  normal  con. 
ditions  as  to  manuring.  Indeed,  the  conditions  of  relative  excess,  or 
exhaustion,  of  the  available  supply  of  individual  constituents  repre- 
sented in  the  experiments  the  results  of  which  have  been  recorded, 
are  probably  much  more  distinctive  and  characteristic  than  could  be 
obtained  under  more  normal  conditions.  On  this  view  it  is  obvious 
that,  whilst  the  results  are  of  a  T<ery  marked  character,  and  are  there- 
fore very  instructive  if  properly  interpreted,  it  must  not  be  without 
carefal  rjservation  that  their  application  to  the  circumstances  of 
actual  agricultural  practice  shoald  be  inferred. 

Summary  and  Conclusions. 

The  investigation  comprises  the  analyses  of  92  wheat-grain  and 
92  wheat-straw  ashes,  and,  including  69  daplicates,  the  number  of 
complete  ash-analyses  involved  is  253.  Every  ash  is  of  produce  of 
known  history  of  growth  as  to  soil,  season,  and  manuring ;  all  the 
specimens  having  been  grown  in  the  experimental  field  at  Rothamsted 
which  has  now  yielded  wheat  for  forty  years  in  succession,  1844  to  1883 
inclusive.    The  results  are  arranged  in  three  Series. 

F'lrst  Series  of  Analyses, 

1.  This  series  includes  results  obtained  under  three  very  charac- 
teristically different  conditions  as  to  manuring,  in  each  case  for  sixteen 
consecutive  seasons.  The  manuring  conditions  were : — Plot  2,  farm- 
yard manure  every  year ;  that  is,  with  an  excessive  supply  both  of 
nitrogen,  and  of  mineral,  or  ash-constituents.  Plot  3,  without  manure 
every  year ;  that  is,  with  exhaustion  of  both  nitrogen  and  ash-con- 
stituents. Plot  lOo,  with  ammonium-salts  alone  every  year  ;  that  is, 
with  an  excess  of  supplied  nitrogen,  but  with  great  relative  deficiency 
of  ash-constitaents.  The  results  thus  illustrate  the  influence  of 
fluctaations  of  season  from  year  to  year,  under  known  but  very 
different  conditions  as- to  manuring. 

2.  There  was  a  much  greater  range  of  variation  in  the  percentages 
of  potash  and  phosphoric  acid  in  the  ashes,  both  of  grain  and  straw, 
due  to  variations  of  season,  than  to  variations  of  manure.     The  range 

is  no  evidenoe  leading  to  the  conclusion  that  this  irregularity  has  at  all  vitiated  (he 
oomparatiye  character  of  the  results,  or  the  legitimacy  of  the  conclusions  that  hare 
been  drawn  from  them. 
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of  Tariation  dne  to  season,  was  much  the  fjpreater  in  the  straw-ashes  ; 
which  is  explained  by  the  fact  that  favonrable  or  unfayonrable  seed- 
forming  and  ripening  may  supervene  on  conditions  of  high  or  of  low 
laznriance,  that  is,  of  great  or  of  limited  activity  of  accnmalation  of 
constitaents  by  the  plant ;  hence  the  withdrawal  of  constituents  for 
seed-formation  will  leave  very  various  amounts  of  migratory  matters 
in  the  straw. 

3.  Taking  high  weight  per  bushel  of  the  grain  as  a  fairly  good 
indication  of  high  quality,  and  vice  versd^  there  was,  with  each  con- 
dition of  manuring,  a  general  and  marked,  but  not  uniform  tendency 
to  low  proportions  of  nitrogen,  of  total  mineral  constituents  (ash),  and 
of  individual  ash-constituents,  in  the  dry  substance  of  the  grain  of 
the  seasons  of  higher  quality.  That  is,  the  higher  quality  of  the  grain 
is  associated  with  the  greater  accumulation  of  the  non-nitrogenous 
matters  (carbohydrates)  in  proportion  to  the  nitrogen,  and  to  the 
mineral  constituents  which  have  been  stored  up. 

4.  Per  1000  dry  suhetofice  of  the  grain  there  is,  with  each  condition 
as  to  manuring,  much  greater  uniformity  in  the  amount,  and  a  rather 
lower  average  amount  of  potash  in  the  eight  better  than  in  the  eight 
worse  seasons.  Yet^  it  is  in  a  very  unfavourable  season  that  there  was 
actually  the  lowest,  and  in  the  worst  season  of  the  sixteen  that  there 
was  actually  the  highest,  proportion  of  potash  in  tho  dry  substance  of 
the  grain;  that  is,  the  very  different  results  are  obtained  under 
defective,  but  very  different,  conditions  of  development  and  matura- 
tion. 

5.  Per  1000  dry  suhetcmce  of  the  grain  there  is,  under  each  of  the  three 
conditions  as  to  mauaring,  a  lower  average  amount  of  phosphoric  acid 
over  the  eight  better  seasons,  and  it  is  lower  in  individual  seasons  of 
high  quality.  Still  there  is  a  wider  range  than  snnong  the  eight 
inferior  seasons,  and  wider  than  in  the  case  of  the  potash.  In  the 
case  of  the  farmyard  manure  plot,  the  lower  proportion  of  phosphoric 
acid  in  the  better  seasons  cannot  be  due  to  exhaustion,  but  to  enhanced 
production  of  organic  substance.  The  average  proportion  of  phos- 
phoric acid  to  organic  substance  is,  however,  lower  without  manure 
than  with  farmyard  manure,  and  lower  still  with  ammonium-salts 
alone,  in  which  case  there  is  very  abnormal  mineral  exhaustion. 

6.  The  details  illustrate  in  a  striking  manner  the  greater  iafluence 
of  season  than  of  manuring  on  the  proportion  of  the  ash-constituents 
to  the  organic  substance  of  the  g^in.  With  normal  maturation  it  is, 
under  otherwise  comparable  conditions,  neai*ly  uniform  with  different 
conditions  as  to  manuring ;  and  deviations  from  normal  mineral  com- 
position are  associated  with  deviations  from  normal  development  of 
the  organic  substance. 

7.  The  percentage  of  silica  in  the  dry  substance  of  the  straw  is 
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lower  in  the  seasons  of  more  favourable  maturation.  In  fact,  stiffness 
of  straw  depends  on  favoorable  development  of  the  woody  substance, 
by  tbe  increase  of  which  the  proportion  of  the  accumulated  silica  to 
the  organic  substance  is  reduced. 

8.  Excluding  the  ferric  oxide  and  the  silica,  and  calculating  the 
whole  of  the  phosphoric  acid  as  tribasic,  the  grain-ashes  show  more 
than  one  and  a  half  time  as  much  acid  as  base ;  and  even  calculating 
the  whole  of  the  phosphoric  acid,  whether  combined  with  alkalis  or 
earths,  as  bibasic,  there  is  still  an  excess  of  acid.  The  straw-ashes, 
calculated  in  the  same  way,  show  a  considerable  excess  of  base,  even 
reckoning  the  whole  of  the  phosphoric  acid  as  tribasic ;  but  they  con- 
tain more  than  60  per  cent,  of  silica.  The  question  arises  whether 
carbonic  acid  (if  any),  and  some  sulphuric  acid  and  chlorine,  have  not 
been  expelled  in  the  incineration ;  in  the  case  of  the  grain-afihes  in 
the  presence  of  acid-phosphates,  and  in  that  of  the  straw-ashes  in  the 
presence  of  an  excess  of  silica. 

9.  Investigations  at  Bothamsted  and  elsewhere  have  established 
that  there  is  a  general  increase  in  the  percentage  of  nitrogen  proceed- 
ing from  the  finer  to  the  coarser  flours  obtained  from  the  same  wheat- 
grain,  and  that  there  is  marked  increase  in  the  more  branny  portions, 
the  greatest  concentration  being  immediately  below  the  pericarp. 
The  percentage  of  potash,  lime,  magnesia,  and  phosphoric  acid,  also 
increases  from  the  finer  to  the  coarser  fiours,  and  it  is  the  highest  in 
the  branny  products.  The  percentage  of  potash  is  about  ten  times, 
of  lime  four  or  five  times,  of  magnesia  fifteen  to  twenty  times,  and  of 
phosphoric  acid  more  than  ten  times,  as  high  in  the  dry  substance  of 
the  bran  as  in  that  of  the  finer  flours.  It  is  also  established  that, 
in  comparable  cases,  the  better  matured  grains  contain  the  lower 
percentages  of  nitrogen  and  total  mineral  matter,  and  a  higher  per- 
centage pf  starcb ;  and  the  ash -analyses  now  under  consideration  con- 
sistently show  a  lower  proportion  of  the  chief  individual  mineral 
constituents  in  the  grains  of  better  quality. 

10.  The  average  annual  amounts  of  total  mineral  constituents  in  the 
crops  j9er  acre  (grain  and  straw)  over  the  sixteen  years  were — rwith  farm- 
yard manure  237*4  lbs.,  without  manure  106*1  lbs.,  and  with  ammonium- 
salts  alone  142  lbs. ;  that  is,  with  ammonium-salt>s  one  and  a  third  time, 
and  with  farmyard  manure  more  than  twice,  as  much  as  without  manure. 
With  ammouium-salts,  the  greatest  proportional  increase  was  in  lime, 
potash,  magnesia,  soda,  sulphuric  acid,  and  chlorine,  and  the  least  in 
phosphoric  acid.  With  farmyard  manure,  by  far  the  greatest  icrease 
was  in  potash,  of  which  there  is  more  than  two  and  a  half  times  \much 
as  without  manure ;  and  there  is  about  twice  as  much  magnesia,  and 
more  than  twice  as  much  lime,  phosphoric  acid,  sulphuric  acid,  soda, 
^nd  silica,  and  nearly  four  times  as  much  chlorine. 
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11.  Comparing  the  amounts  of  the  individual  ash-constitnents  in 
the  crops  per  acre  over  the  first  eight  years  with,  those  over  the  second 
eight,  they  are,  without  manure,  in  the  grain  nearly  identical ;  but 
in  the  straw  there  is  more  or  less  deficiency  of  every  constituent, 
excepting  lime,  over  the  second  period.  Deficiency  in  the  straw  and 
total  produce  generally,  but  not  uniformly,  indicates  deficient  source. 
With  farmyard  manure,  there  was  more  of  every  ash-constituent 
(excepting  sulphuric  acid),  in  the  grain,  straw,  and  total  produce,  over 
the  second  period ;  the  most  marked  increase  being,  in  the  grain  in 
potash  and  phosphoric  acid,  and  in  the  straw  in  potash  and  silica. 
With  ammonium-salts  alone  there  was,  over  the  second  period,  in 
the  grain  slight  deficiency  of  potash  and  magnesia,  and  greater  in 
phosphoric  acid,  but  there  wafi  slight  increase  in  lime  and  sulphuric 
acid.  In  the  straw  there  was  more  marked  deficiency  in  every  con- 
stituent, excepting  sulphuric  acid,  and  the  deficiency  is  the  most 
m&rked  in  potash,  phosphoric  acid,  chlorine,  and  silica,  though  chlorine 
is  largely  supplied  in  the  ammonium-salts. 

12.  Upon  the  whole,  the  comparison  of  the  yield  of  ash-con - 
stituents  per  acre  over  the  first  and  secoad  eight  years  shows — ^without 
manure  a  small  relative  exhaustion  of  both  potash  and  phosphoric  acid, 
and  with  ammonium-salts  a  greater  relative  exhaustion  of  both. 

18.  Per  1000  dry  svhstance  of  grain  there  were,  taking  the  average 
of  the  sixteen  years,  almost  identical  amounts  of  each  of  the  ash-con- 
stituents without  manure,  and  with  farmyard  manure ;  but  with 
ammonium-salts  alone  there  was  marked  deficiency,  especially  of 
phosphoric  acid,  and  in  a  less  degree  of  potash.  Per  1000  dry  sub- 
stance  of  straw,  there  was,  without  manure  considerably  less  potash 
than  with  farmyard  manure,  but  otherwise  not  much  difierence. 
With  ammonium-salts  alone,  there  was  still  greater  deficiency  of 
potash,  but  more  lime,  less  phosphoric  acid,  but  more  sulphuric  acid, 
and  considerably  less  dlica,  than  either  without  manure  or  with  farm- 
yard manure. 

14.  Ck>mparing  the  amounts  of  ash-constituents  per  1000  dry  sub- 
stance  of  the  grain,  over  the  first  and  second  eight  years,  with  farmyard 
manure  they  are  almost  identical  over  the  two  periods,  and  without 
manure  very  nearly  so,  but  there  is  slightly  less  potash,  and  more 
magnesia  and  phosphoric  acid,  over  the  second  period — conditions 
indicating  less  perfect  maturation,  that  is,  less  flour  in  proportion  to 
bran.  With  ammonium-salts  alone,  the  dry  substance  of  the  grain 
shows  a  marked  deficiency  of  potash  and  magnesia,  and  especially  of 
phosphoric  acid,  compared  with  that  of  the  other  plots ;  it  neverthe- 
less shows  very  little  difference  comparing  the  second  eight  years 
with  the  first,  though  there  is  a  slight  decrease  of  phosphoric  acid, 
and  increase  of  sulphuric  acid  and  silica,  over  the  second  period. 
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15.  Per  1000  dry  substance  of  the  straw,  the  amonnt  of  the  yarions 
ash-constitaents  yaries  more  oyer  the  two  periods  than  in  the  case  of 
the  grain,  but  still  comparatiyelj  little.  Without  manure  there  is, 
over  the  second  period,  a  deficiency  of  potash  and  magnesia,  partially 
compensated  by  lime,  also  a  deficiency  of  phosphoric  acid.  With 
ammonium-salts,  the  most  marked  .deficiency  oyer  the  second  period 
is  of  potash  ;  there  is  also  less  chlorine,  but  more  sulphuric  acid. 

16.  In  conclusion,  in  regard  to  this  first  series  of  ash-analyses, 
although  the  results  show  a  much  wider  range  of  variation  in  the 
mineral  composition  of  the  grain  due  to  season  than  to  manuring, 
there  are  still  distinct  differences  due  to  the  very  different  conditions 
as  to  manuring ;  but  with  each  of  the  three  conditions  there  is  com- 
paratively little  difference  over  the  first  and  the  second  eight  years. 
With  ammonium-salts  alone,  where  there  is  vefy  abnormal  mineral 
exhaustion,  the  dry  substance  of  the  grain  shows  relative  deficiency 
of  both  potash  and  phosphoric  acid,  but  especially  the  latter.  Upon 
the  whole,  the  results  point  to  great  uniformity  in  the  mineral  com- 
position of  the  grain  under  the  different  conditiona  of  manuring,  pro- 
vided only  th^t  it  is  perfectly  and  normally  ripened.  High  or  low 
percentage  of  nitrogen  is  also  more  dependent  on  the  coaditions  of 
maturation  than  on  full  or  limited  supply  of  it  by  the  soil. 

Second  Series  of  Analyses. 

1.  This  series  relatea  to  the  pvoduce  obtained  under  nine  different 
conditions  as  to  manuring,  each  in  two  unfavourable,  and  in  two 
favourable  seasons  for  the  crop.  They  thus  illustrate  the  influence 
of  characteristic  seafio&s  under  a  great  variety  of  manuring  con- 
ditions. 

2.  The  manuring  conditions  were: — ^Farmyard  manure;  without 
manure ;  superphosphate,  and  sodium,  potassium,  and  magnesium  sul- 
])bates ;  ammonium-salts  alone  ;  ammonium-salts  and  superphosphate ; 
ammonium-salts,  superphosphate,  and  sodium  sulphate ;  ammonium- 
salts,  superphosphate,  and  potassium  sulphate;  ammonium-salts, 
superphosphate,  and  magnesium  sulphate:  ammonium-salts,  super- 
phosphate, and  sodium,  potassium,  and  magnesium  sulphates. 

3.  The  four  seasons  were : — 1852  and  1866,  which  were  unfavour- 
able, and  1858  and  1863,  which  were  favourable  for  the  crop.  1852 
(the  ninth  from  the  commencement  of  the  experiments)  was  bad  both 
as  to  quantity  and  quality  of  produce.  1856  gave  fairly  average 
quantity,  both  of  grain  and  straw,  but  the  crop  was  unevenly  ripened^ 
aud  the  quality  of  the  grain  was  low.  1858  yielded  only  a  moderate 
amount  of  total  produce,  but  more  than  average  proportion  and 
amount  of  grain,  which  was  of  over  average  quality.     1863  (the 
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twentieth  year  of  tbe  experiments)  was  the  best  both  as  to  qnantitj 
aDd  qaalitj  of  produce  thronghont  the  forty  years,  1844-1883,  in- 
clnsiTe. 

4.  Taking  the  mean  resnlts  of  the  nine  plots  in  each  of  the  four 
seasons,  there  was  from  the  first  to  the  fourth  season  an  increase  in  the 
weig^ht  per  bushel  of  the  grain,  and  in  the  proportion  of  grain  to 
straw,  and  a  decrease  in  tbe  percentages  of  nitrogen  and  total  mineral 
master  in  the  dry  substance  of  the  grain.  Coincidently  with  these 
characters,  there  was,  from  the  first  to  the  fourth  season,  great  increase 
in  the  percentage  of  potash,  and  considerable  decrease  in  that  of 
ma^esia,  and  there  was  great  decrease  in  the  percentage  of  phos- 
phdic  acid,  and  an  increase  in  that  of  sulphuric  acid,  in  the  grain- 
ash, 

5.  Calculated  per  1000  dry  substance  of  the  grain,  there  was  more 
potash,  and  less  magnesia,  and  especially  much  less  phosphoric  acid, 
and  some  more  sulphuric  acid,  in  the  produce  of  the  two  later  and  better 
seasons.  These  are  indications  of  higher  proportion  of  fiour  to  bran, 
that  is,  of  more  starch.  The  variation  in  the  mineral  composition  is 
thus  associated  with  variation  in  the  organic  composition  of  the  grain. 
Per  1000  dry  substance  of  the  straw,  there  was  also  more  potash,  less 
phosphoric  acid,  and  more  sulphuric  acid,  in  the  better  seasons. 

6.  Calculated  per  acre,  there  was  about  twice  as  much  grain,  nearly 
one  and  a  half  time  as  much  straw,  and  more  than  one  and  a  half 
time  as  much  total  produce,  in  the  best  as  in  the  worst  of  the  four 
seftBons.  Of  total  nitrogen  i/n  the  crops  per  a>cre,  there  was  an 
average  of  only  3S  lbs.  in  1852,  and  of  501  lbs.  in  1863 ;  whilst  of 
tbe  less  total  quantity  in  1852  a  considerably  larger  actual  amount 
remained  in  the  straw.  In  1852,  61  '6  per  cent.,  in  1856,  72*9  per 
cent.,  in  1858,  73*8  per  cent.,  and  in  1863,  77*4  per  cent.,  of  the  total 
nitrogen  of  the  crops  was  stored  up  in  the  grain.  In  1863,  with  the 
largest  actual  amount  of  nitrogen  in  the  grain  per  a^yre,  there  was 
the  lowest  percentage  of  it  in  the  grain ;  that  is,  under  the  influence 
of  the  very  favourable  growing  and  maturing  conditions,  there  was 
a  greater  accumulation  of  non-nitrogenous  constituents  in  proportion 
to  the  amount  of  nitrogen  stored  up. 

7.  CalcuhUed  per  a^e,  there  was,  in  1863,  one  and  a  third  time  as 
much  total  mineral  matter  in  the  crop  as  in  either  of  the  other  years. 
Comparing  the  best  and  the  worst  seasons  (1863  and  1852),  there  was 
one  and  a  half  time  as  much  lime,  magnesia,  and  phosphoric  acid,  and 
abont  twice  as  much  potash  and  sulphuric  acid,  in  the  total  produce 
per  acrey  in  the  season  of  most  favourable  growth  and  maturation. 
Tet,  per  1000  dry  substance  of  the  grain,  the  amounts  of  lime,  magnesia, 
and  phosphoric  acid  were  lower,  and  the  amount  of  potash  was  not 
maoh  higher,  in  the  better  seasons. 
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8.  Taking  the  average  resalts  over  the  four  years,  for  each  of  the 
nine  different  conditione  as  to  mannring  separately,  there  is,  with  one 
or  two  exceptions,  comparatively  little  variation  in  weight  per  bnahel 
with  the  eqnal  season,  bnt  very  varying  manuring  conditions ;  and 
the  differences,  such  as  they  are,  are  consistent.  The  percentage  of 
nitrogen  is  also  in  the  main  fairly  uniform  with  the  different  manures  ; 
but  it  is  low  with  mineral  manure  alone  and  great  nitrogen  exhaustion, 
and  high  with  ammonium-salts  alone  and  relatively  excessive  nitrogen 
supply.  The  percentages  of  total  mineral  matter  are  also  fairly 
uniform;  but  somewhat  high  with  formyard  manure,  without 
manure,  and  with  mineral  manure  alone,  and  low  with  ammonium- 
salts  alone. 

9.  Ter  1000  d,r\i  substance  of  the  grain,  there  is  also  general 
uniformity  in  the  amount  of  the  chief  individual  ash-constituents 
under  the  very  different  manuring  conditions.  The  exceptions  to 
uniformity  in  the  amounts  of  potash  are,  that  it  is  somewhat  high 
without  manure  and  with  purely  mineral  manure,  and  somewhat  low 
with  ammonium-salts  alone,  and  with  ammonium-saltB  and  super- 
phosphate, but  without  potash.  The  exceptions  to  general  uniformity 
in  the  amounts  of  phosphoric  acid  are,  that  it  is  high  with  farmyard 
manure,  without  manure,  and  with  purely  mineral  manure,  and  low 
with  ammonium-salts  alone. 

10.  Per  1000  dry  substance  of  the  straw,  the  amounts  of  the  indivi- 
dual ash-constitnents  are  much  more  variable  on  the  different  plots. 
The  variation  is  especially  marked  in  the  case  of  the  potash  and  phos- 
phoric acid,  and  it  is  obviously  much  dependent  on  their  supply.  It 
is  also  very  marked  in  the  case  of  the  silica. 

11.  OalcuUUed  per  acre,  there  is  very  great  variation  in  the  amounts 
of  produce,  and  of  its  various  constituents,  according  to  manure. 
Without  manure,  and  with  purely  mineral  manure,  the  produce  was 
very  small ;  it  was  much  more  with  ammonium-salts  alone,  and  much 
more  still  with  ammonium-salts  and  mineral  manure  together.  With 
ammonium-salts  and  the  most  complete  mineral  manure,  there  was 
more  than  one  and  a  half  time  as  much  total  produce  as  with  ammo- 
nium-salts alone,  and  nearly  two  and  a  half  times  as  much  as  with 
mineral  manure  alone.  There  were  in  the  main  corresponding  differ- 
ences in  the  amounts  of  nitrogen,  total  mineral  matter,  and  the  chief 
individual  ash-constituents,  stored  up  in  the  crops. 

12.  Of  potash,  the  ashes  show  three  times  as  much  in  the  total  pro- 
duce per  acre  with  farmyard  manure,  and  more  than  three  times  as 
much  in  that  with  ammonium-salts  and  mineral  manure  containing 
potash,  as  without  manure.  On  the  other  plots  (excepting  with 
mineral  manure  alone),  the  quantities  of  potash  in  the  crops  are 
obviously  dependent  on  the  supply.     Of  the  total  potash  of  the  crops, 
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tliere  is  generally  only  from  one-fourth  to  one-third  accumulated  in 
the  grain. 

13.  Of  phosphoric  acid,  there  was  little  more  than  twice  as  much 
p«r  acre  in  the  highly  manured  as  in  the  unmanured  produce ;  but 
three-fourths  or  more  of  the  total  phosphoric  acid  of  the  crop  may  be 
accumulated  in  the  grain. 

14.  Of  the  total  lime  and  sulhuric  acid  of  the  crop,  a  very  small 
]nt>portion,  of  the  magnesia  generally  more  than  half,  of  the  chlorine 
scarcely  a  trace,  and  of  the  silica  the  smallest  proportion  of  all,  is 
found  in  the  grain-ashes. 

15.  With  Tery  great  variation  in  the  amounts  of  nitrogen  and  ash- 
constituents  in  the  total  crop  per  acre  on  the  different  plots,  there  is 
remarkable  uniformity  in  the  amounts  of  each  per  1000  dry  substance 
of  grain ;  but  wide  variation  in  the  amounts  per  1000  drt/  substance  of 
stratD.  The  greatest  exceptions  to  uniformity  in  the  amount  of  potash 
per  1000  dry  substance  of  the  grain  are,  that  it  is  low  with  ammonium-* 
salts  alone,  or  with  superphosphate  only  in  addition  (10a  and  11a), 
and  high  without  manure,  and  with  purely  mineral  manure  (3  and 
5a).  The  most  marked  deviations  from  general  uniformity  in  the 
amount  of  phosphoric  acid  in  the  dry  substance  of  the  grain  are,  that 
it  is  low  with  ammonium-salts  alone  (10a),  and  high  with  farmyard 
manure,  without  manure,  and  with  purely  mineral  manure  (2,  3, 
and  5a). 

16.  With  every  condition  of  manuring  there  is,  in  the  grain  ashes,  a 
higher  percentage  of  potash,  and  lower  of  phosphoric  acid,  and  some- 
what lower  of  magnesia  also,  in  the  two  favourable  seasons,  indicating 
higher  proportion  of  floar  to  bran.  There  is  lower  percentage  of  phos- 
phoric acid  in  the  better  seasons  even  where  there  is  liberal  supply 
of  it,  but  the  lowest  is  on  Plot  10a,  where  it  is  the  most  exhausted. 
The  straus-aihes  also  show  a  higher  percentage  of  potash  in  the  two 
better  seasons. 

17.  With  decline  in  the  percentage  of  phosphoric  acid  in  the  ashes, 
there  is  increase  in  sulphuric  acid ;  and  in  the  straw-ashes  increase 
of  chlorine  in  a  greater  degree.  It  is  a  question  how  far  the  small 
amounts  of  sulphuric  acid  and  chlorine  in  the  grain-ashes  are  due  to 
the  presence  of  so  much  acid-phosphate ;  and  how  far  the  much 
larger  amounts  in  the  straw-ashes  are  dae  to  their  excess  of  base  to 
aeid,  other  than  silica,  although  of  this  there  is  so  much. 

18.  Calculated  per  1000  dry  substance  of  the  grain,  there  is,  with 
erery  condition  as  to  manuring,  a  higher  amount  of  potash  in  1858 
tad  almost  without  exception  in  1863,  than  in  the  two  unfavourable 
leasons.  On  the  other  hand,  the  proportion  of  phosphoric  acid  is  in 
1658  almost  without  exception,  and  in  1863  without  exception,  lower 
than  in  the  unfavourable  seasons. 
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19.  The  second  series  of  analyses,  as  did  the  first,  consistently  show 
considerable  yanation  in  the  mineral  composition  of  wheat-g^rain, 
according  to  season,  but  little  according  to  manuring  (excepting  in 
cases  of  abnormal  exhaustion),  provided  the  seed  be  properly  matured. 
In  fact,  variations  in  the  mineral  composition  are  associated  with 
differences  in  the  organic  composition. 

Third  Series  of  Analyses. 

1.  This  series  was  more  specially  arranged  to  trace  the  influence  of 
supply  or  exhaustion.  Tbe  ashes  represent  the  produce  obtained 
under  ten  difEeremt  conditions  as  to  manuring,  each  over  ten  years, 
1852-1861,  and  ten  years,  1862-1871.  Nine  of  the  plots  are  sub- 
stantially  duplicates  of  those  to  which  Series  2  relates ;  and  the  tenth, 
106,  is  a  duplicate  of  10a,  with  ammonium- salts  alone,  excepting  that 
twice  prior  to  the  period  now  under  consideration  it  received  mineral 
manure,  including  potash  and  phosphoric  acid,  when  10a  did  not. 

2.  The  average  results  per  acre,  of  the  ten  plots,  for  each  of  the 
two  periods,  show  that  tbe  first  ten  years  were  on  the  average  the 
more  favourable  for  luxuriance,  that  is,  for  total  accumulation  by  the 
plant,  and  the  second  ten  the  more  favourable  for  seed-formation  and 
maturation.  Accordingly,  with  less  mineral  matter  in  the  total  pro- 
dace  per  acre  over  the  second  ten  years,  there  was  as  much  or 
more  of  almost  every  individual  ash-constituent  accumulated  in  the 
grain. 

3.  With  each  condition  of  manuring  where  the  nitrogen  supply 
was  not  deficient,  there  was  more  grain,  and  of  better  quality,  over 
the  second  ten  years.  Comparing  plot  with  plot,  there  was,  over 
both  periods,  with  equal  nitrogen  supply,  considerable  increase  by 
the  addition  of  superphosphate  and  potash.  Comparing  the  second 
period  with  the  first,  the  influence  of  supply,  or  exhaustion,  especially 
of  potash,  is  very  marked  (10a,  106,  116,  126,  146,  136,  and  76). 

4.  With  equal  supply  of  nitrogen,  very  variable  amounts  of  it  are 
found  in  the  total  produce  per  acre  of  the  different  plots,  according  to 
the  associated  mineral  supply. 

5.  Of  individaal  ash-constituents  there  was  more  in  the  total  pro* 
duce  per  acre  with  some  of  the  artificial  manures  than  with  farmyard 
manure.  Comparing  the  plots  with  equal  ammonium-salts  but 
different  potash  supply,  the  amounts  of  potash  in  the  total  produce 
are  in  the  order  of  the  supply. 

6.  Comparing  Plots  1 26, 136, 146,  and  76,  all  with  the  same  nitrogen 
supply,  but  the  first  and  third  with  a  decrea^ng  residue  of  potash 
from  previous  applications,  and  the  second  and  fourth  with  an  annual 
supply  of  it,  the  amounts  of  potash  in  the  total  produce  per  acre  per 
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annum  over  the  first  ten  years  are — 45*4,  53*2,  49*8,  and  56*0,  but  the 
amoanta  in  the  grain  are  11*4,  11*3,  11*3,  and  11*9  ;  over  the  second 
period,  with  the  farther  exhaustion  on  the  first  and  third  plots  (126 
and  146),  the  amounts  of  potash  in  the  total  produce  are  37*8,  55*2, 
39'1,  and  53*0,  but  the  amoants  accumulated  in  the  grain  are  11*4, 
12*2,  11*6,  and  12*3.  Thus,  the  amounts  iu  the  total  produce  are 
directly  inflaenced  by  the  supply  or  exhaustion,  especially  over  the 
second  period ;  but  over  each  period  the  amounts  in  the  grain  are 
nearly  identical  on  the  four  plots,  showing  only  slight  relative 
deficiency  over  the  second  period  on  Plots  I2b  and  146,  with  their 
redacing  residue  of  potash  supply. 

7.  The  amount  of  phosphoric  acid  in  the  total  prodiice  per  acre 
varies  much  with  equal  supply  of  it,  and  of  nitrogen,  and  is  obviously 
much  dependent  on  the  available  supply  of  potash.  The  amounts  of 
mineral  constituents  accumulated  in  the  total  plant  (as  indicated  by 
the  amounts  in  the  total  crop)  are  veiy  directly  influenced  by  the 
supply  or  exhaustion ;  but,  other  things  being  equal,  the  final  distri- 
bution in  the  grain  is  influenced  much  more  by  the  seed-forming 
characters  of  the  season  than  by  the  amounts  of  the  constituents  in 
the  total  plant,  provided  there  be  not  a  deficiency. 

8.  Percentage  Composition  of  the  Ashes, — As  in  the  case  of  the  mean 
resalts  for  the  ten  plots,  so  in  that  of  each  plot  (excepting  plot  3,  with- 
out manure),  there  is  a  higher  percentage  of  potash  in  the  g^rain-ashes 
of  the  second  period  with  its  better  seed-forming  and  maturing 
tendencies.  The  percentage  of  potash  in  the  grain-ashes  only  varies 
from  31*7  to  340  over  the  first,  and  from  321  to  34*1  over  the 
second  period;  but  in  the  straw-ashes  it  varies  from  14*8  to  24*1 
over  the  first,  and  from  14*1  to  25*0  over  the  second  period.  The 
variations  in  the  straw-ashes  are  consistent  with  the  variations  in  the 
supply. 

9.  Comparing  Plots  126,  13&,  146,  and  76,  the  percentages  of 
potash  in  the  grain-ashes  are — over  the  first  period  32*8,  32*9,  32*6, 
and  32*9,  and  over  the  second  period  33*3,  33*5,  331,  and  33*4;  but 
in  the  straw-ashes  they  are — over  the  first  period  20*1,  24*1,  22*0,  and 
23*7,  and  over  the  second  period,  with  the  increasing  exhaustion  on 
the  first  and  third  plots  (12&  and  146),  17*2,  250, 18*5,  24*6. 

10.  With  higher  percentages  of  potash  in  the  grain-ashes  over  the 
second  period,  there  are  also  higher  percentages  of  lime,  and  there 
is  a  tendency  to  higher  percentages  of  magnesia ;  but  there  is  in  every 
ease,  excepting  without  manure,  a  lower  percentage  of  phosphoric 
acid,  and  with  this,  in  every  case  but  one,  a  higher  percentage  of 
sulphuric  acid,  over  the  second  period. 

11.  Per  1000  dry  substance  of  the  grain  there  is  generally  a  lower 
amount  of  each  ash-constituent  (excepting  lime  aad  sulphuric  acid) 
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over  tlie  later  and  better  seed-forming  and  maturing  period;  there 
is  also  a  lower  amount  of  nitrogen,  and  therefore  a  higher  propoi*tio]i 
of  non-nitrogenous  constituents.  Comparing  plot  with  plot,  the 
amounts  of  potash  per  1000  dry  substance  of  the  grain  are  fairly 
uniform ;  but  even  in  the  grain ,  and  in  the  straw  in  a  much  more 
marked  degree,  it  is  lowest  where  it  is  the  most  exhausted.  Com- 
paring Plots  12b,  136,  146,  and  76,  the  amounts  per  1000  dry  substance 
of  the  grain  are — over  the  first  period  6*46,  6*43,  6*41,  and  6*63,  and 
over  the  second  period  6*14,  6*22,  6*16,  and  6*33;  but  in  the  straw 
they  are — over  the  first  period  10*54,  12*90,  11*65,  and  12*84,  and 
over  the  second  period,  with  the  increasing  exhaustion  on  the  first  and 
third  plots,  914,  13*29,  9*55,  and  12*58. 

12«  The  amounts  of  phosphoric  acid  per  1000  dry  substance  of  the 
grain  varied  more  according  to  supply  than  did  that  of  the  potash  ; 
but  it  was,  with  every  condition  of  manuring,  lower  over  the  second 
and  more  favourable  period.  Over  the  first  period,  it  ranged  from 
8*70  to  1087,  and  over  the  second  from  7*89  to  10*35.  On 
Plots  126,  136,  146,  and  76  it  was— over  the  first  period  10*05,  10*05, 
10-15,  and  10*  12,  and  over  the  second  period  9*21,  9*31,  9*38,  and 
9*49,  or  much  lower  over  the  second  period,  but  within  each  period 
almost  uniform  on  the  four  plots.  Taking  the' whole  series  of  plots,  it 
was  the  lowest  on  10a  and  106,  where  it  was  most  exhausted,  but  it 
was  also  low  on  116,  where  it  was  annually  supplied,  though  without 
potash,  and  with  defective  development  accordingly. 

13.  The  results  of  the  third  series  of  analyses  agree  with  those  of 
the  first  and  second  in  showing,  upon  the  whole,  marked  uniformity 
in  the  mineral  composition  of  the  ripened  grain,  even  when  there  is 
wide  variation  in  that  of  the  straw  dependent  on  supply  or  exhaus- 
tion. They  also  show  distinct  influence  of  season,  and  that  the 
differences  in  the  mineral  composition  of  the  grain  due  to  season  are 
associated  with  differences  in  the  organic  composition.  With  less 
variation  in  the  conditions  of  season,  and  of  influence  therefrom,  but 
with  a  wider  range  of  mineral  supply,  or  exhaustion,  than  in  the 
other  series,  there  is  a  wider  range  in  the  mineral  composition  of  the 
grain  according  to  supply  or  exhaustion  ;  it  is,  however,  comparatively 
little  influenced  by  excess  of  supply,  but  more  by  deficiency.  The 
three  series  show  that,  under  otherwise  comparable  conditions,  there 
is,  in  the  better  matured  grain,  that  is  in  the  grain  of  higher 
quality,  a  lower  percentage  of  total  mineral  matter  (ash) ;  in  the'ash, 
a  higher  percentage  of  potash,  but  lower  of  phosphoric  acid  ;  but  in 
the  dry  substance  of  the  grain,  generally  a  lower  percentage  of  potash, 
and  considerably  lower  of  phosphoric  acid,  and  also  a  lower  per- 
centage of  nitrogen. 
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Composition  of  the  Ash  of  Wheat^Qrain,  and  of  Wheat- 

Appendix-Table  L — General  Characters  of  the  Produce,  and  Percentage  Com- 

Straw,  in  sixteen  consecutive 


Plot  2.— 

■Farmyard  Manure 

,  every  year. 

• 

Harvests 

1848 

1849 

1850 

1851 

1852 

1853 

1854 

1855 

Grain  to  100  straw 

56-0 

58*2 

68*3 
63-8 

57-3 
61-9 

66-2 
63*6 

49-6 
58-2 

88 '2 
51-1 

60-1 
62-5 

68-2 
62-0 

Wciirht  D€r  bushel  of  frrain.  lbs 

Composition  of  the  Grain,  per  cent. 


Dry  matter 

SImP)}*"-^""^' { 


79-68 

82-76 

83*92 

84-50 

83-25 

80-27 

85-88 

83-68 

1-89 

1-58 

1-86 

1-67 

2-02 

1-76 

1-70 

2  19 

2-03 

1-93 

2*04 

1-93 

1*98 

2*20 

1-98 

2*08 

Composition  of  the  Grain- Ash  (pure),  per  cent. 


Ferric  oxide   

Lime 

Magnesia     

Potash 

Soda 

Phosphoric  anhydride ^.. 

Sulphuric  anhydride 

Chlorine  

SUica 

Total    

Deduct  0  =  C1  

Total    


1-23 

0-78 

2-41 

2-52 

10-81 

10-66 

30-15 

33-07 

0-67 

0-68 

52-66 

50-^3 

0-55 

1-51 

0-08 

0-03 

1-56 

0-53 

1 

2 


15 
80 


11-07 

31-36 

0-81 

50-48 
1-42 

none 
0-92 


100-00 


0-88 

0-95 

0-83 

0-62 

0*70 

2-88 

2-79 

2-60 

2-46 

2*49 

11-11 

12-77 

10-15 

11-27 

11-04 

32-36 

27  -22 

35-46 

31-97 

30-91 

0*50 

0-45 

0-54 

0-48 

0-84 

50-69 

54-69 

47-05 

62-21 

53-29 

0-92 

0-14 

2-35 

0-47 

0-03 

trace 

trace 

0-11 

0-02 

none 

0-66 

0-99 

0-93 
100-02 

0-50 

0-70 

100-00 

100-00 

100-00 

100-00 

— 

— 

0-02 

— 

— 

100-00 

100-00 

ioa*oo 

100*00 

100-00 

Composition  of  the  Straw,  per  cent. 


Dry  matter 

Nitrogen   I^j^a^ 
Ash  (pure)  i"^"^ 


matter 


81-46 

82-46 

82-50 

85*42 

82-16 

80*66 

84-89 

84*00 

0-49 

0-45 

0-50 

0-48 

0-46 

0-73 

0*35 

0-43 

6-49 

6-64 

6-27 

6-66 

7-04 

6-64 

4-90 

7-40 

Composition  of  the  Straw- Ash  (pure),  per  cent. 


Ferric  oxide 

Lime    

Magnesia..;. 

Potash 

Soda 


Phosphoric  anhydride 
Sulphuric  anhydride... 

Chlorine  

SiUca 


Total     100 

Deduct  0  =  C1  


Total     '  100-00 


0-59 

0-78 

0-61 

0-44 

0-85 

4-00 

5-09 

5-21 

4-20 

8-87 

1-27 

1-76 

214 

1-87 

1-52 

15-73 

17  19 

19-05 

17-72 

12-86 

0-28 

0-56 

0-94 

0-54 

0-60 

4-52 

2-98 

4-26 

4-60 

3-21 

2-92 

3-27 

8-62 

3-34 

2-58 

2-05 

2-98 

8-80 

2-77 

1-86 

69-10 

66-11 

61-23 

65-15 

73-07 

100-46 

100-66 

100-86 

100-63 

100-42 

!      0-46 

1 

0-66 

0-86 

0-63 

0-42 

'  100-00 

100-00 

100-00 

100-00 

100-00 

1 

20 
0 


0-44 
3-22 
36 
14 
52 


6-21 

8*55 

2-68 

62-48 


0-33 
5-31 
1-96 
19-66 
0-46 

3-04 

4-62 

3-24 

62-11 


100-60 
0-60 


100-78 
0-73 


100*00  I  100-00 


0*28 
8-57 
1-30 
21-01 
0-45 

8*89 

2-36 

5-02 

63*23 


101-11 
1-11 


100-00 
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Straw,  grown  at  BothaTnated,  year  after  year  on  the  same  Land. 

position  of  the  Ash  (excluding  Sand  and  Charcoal),  of  the  Grain,  and  of  the 
Seasons,  1848-1863. 

Plot  2. — Farmyard  Manure,  every  year. 


1    1896 

1867 

1858 

1859 

1860 

1861 

1862 

1868 

Avenge. 

Haryests. 

i   as-8 

*    58*6 

77*9 
60*4 

65*5 
62*6 

47*1 
56*5 

54*2 
55*5 

71*0 
60-5 

58*8 
61*0 

67*5 
63*1 

58*6 
60*0 

Orain  to  100  straw. 

Wt.  per  bashel  of  grain,  Itw. 

Composition  of  the  Chrain,  per  cent. 


82-58 

85-68 

83-56 

82-70 

85*50 

84-65 

88*27 

84*68 

88*76 

1-89 

1-97 

1-91 

2-09 

2-00 

1*95 

1*57 

1*52 

1-88 

1-98 

1-94 

2-04 

2-11 

2-15 

2*15 

1-99 

1*85 

2*01 

Dry  matter. 


Oom/posUion  of  the  Grain- Ash  {pure),  'per  cent. 


0*86 

1-05 

0-90 

0-78 

1*02 

0-49 

0*76 

0*48 

0*84 

Ferric  oxide. 

2*58 

2-88 

2*61 

2-87 

2*78 

2*62 

2*51 

2*34 

2*59 

Lime. 

11*71 

11-97 

11*17 

11*18 

10*18 

10*29 

11*12 

11*41 

11*11 

Magnesia. 

2S*27 

29-84 

31*87 

81-18 

88-78 

83*18 

82*00 

31*54 

31*57 

Potash. 

0-42 

0*77 

0*28 

0*54 

0*65 

0-65 

0*66 

0*66 

0*59 

Soda. 

M-18 

52*53 

51*88 

52-64 

49-44 

51*41 

51*61 

52*04 

51*70 

Phosphoric  anhydride. 

0-23 

0*46 

0*75 

0*51 

0*87 

1*01 

0-51 

0*93 

0*79 

Sulphuric  anhydride. 

t      0-07 

0*01 

0*06 

trace 

0*07 

none 

none 

trace 

0*08 

Chlorine. 

0*75 

0-49 

0-49 

0-80 

1*28 

0*50 

0*83 

0*65 

0*79 

SiUca. 

100 -03 

100*00 

100-01 

100-00 

100*02 

100*00 

100*00 

100*00 

100*01 

Total. 

0*02 

— 

0*01 

— 

0-02 

— 

— 

— 

0-01 

Deduct  0  s  01. 

100-00 

100*00 

100*00 

100-00 

100-00 

100*00 

100*00 

100*00 

100-00 

Total. 

Composition  of  the  Straw,  per  cent. 


1 
88^08 
0-88 
6-57 

84-42 
0*89 
5*45 

85*24 
0*47 
6*42 

84-68 
0-40 
6*24 

85-00 
0-56 
7-91 

85*83 
0-43 
7*17 

88*88 
0*87 
6*69 

84*44 
0*25 
6*42 

88*81 
0*44 
6*52 

Dry  matter. 

Composition  of  the  Straw- Ash  (pure),  per  cent. 


0-49 
3-98 

1-57 

14-62 

0-58 

3-42 

;     2-62 

2-29 

'    71-00 

0-80 
6-46 
1-61 
20-11 
0*44 

8*46 

2*67 

4*01 

62*81 

0*44 
4-03 
1*69 
21*70 
0*49 

3*41 

3*57 

4-81 

60*95 

0*61 
4-56 
1*34 
18*62 
0*54 

8-52 

2-04 

2*78 

66-62 

0*84 
3-20 
1-06 
16*70 
0-51 

4-04 

2-54 

1-95 

69-60 

0-23 
8-39 
1-20 
25*62 
0*71 

8-62 

8-50 

4-98 

67-87 

0-89 
8*23 
1*84 
14*53 
0*54 

8*28 

2-29 

1-84 

72*98 

0*18 

8*78 

1*41 

17*97 

none 

3*16 

2*54 

8*61 

68*16 

0*52 
4*18 
1*52 
18*38 
0*51 

3-79 

3-00 

8*16 

65*75 

Ferric  oxide. 

Lime. 

Uagnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
SUiea. 

100-52 
0*92 

100*87 
0*87 

101*09 
109 

100*68 
0*63 

100-44 
0*44 

101-12 
1-12 

100-42 
0*42 

100*81 
0*81 

100-71 
0*71 

Total. 

Deduct  0  s  CI. 

,  lOO-OD 

100-00 

100*00 

100*00 

100*00 

100-00 

100*00 

100*00 

100*00 

Total. 
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lAWBS  AND  GILBERT  ON  THE  COMPOSITION  OF  THE 


Compontion  of  the  Aah  of  Wheat' Oratn,  and  of  Wheat- 

AppendfiX'Tahle  IL — General  Cliaracteni  of  the  Prodnce,  and  Percentage 

of  the  Straw,  in  sixteen  con- 

Plot  3. — Unmanuredj  every  year. 


QTBin  to  100  8tmw   , 

Weight  per  bushel  of  gnin,  lbs. 


1648 


55*6 
57-3 


1840 


76  •! 
61-4 


1860 


58*2 
60-6 


1851 


66*6 
61*1 


1852 


53*9 
56-6 


Composition  of  the  Grain^  per  cent. 


1853 


25*4 
45*9 


1854 


63*6 
60*6 


1855 


60-0 
59-2 


Diy  nutter 


matter 


\ 


80*84 

82*28 

83-80 

84-30 

82-57 

80-12 

84-67 

84-76 

2*17 

1*73 

1*88 

1*67 

2*08 

2*09 

1*92 

2*14 

2*00 

1*88 

2*02 

1*94 

2*08 

2-86 

1*95 

2-02 

Composition  of  the  Orain-Ash,  per  cent. 


Verric  oxide   , 

Lime 

Magnesia    

Potash 

Soda 

PhoephoTlc  anhydride    

Salphnric  anhydride 

Chlorine 

Silica    

Total    

Deduct  O  a  CI 

Total    


1*87 

2*87 

10*35 

81*19 

0*66 

51*41 
0*79 


0 
1 


02 
84 


100-00 


100-00 


1 
3 
9 


07 
15 
72 


35*34 
0*42 

47*71 
1-83 
0*02 
0*74 


100*00 


100-00 


1*82 
2*98 
9*86 
32*97 
0*91 

49-68 
1-14 
0*04 
1-11 


100*01 
0*01 


100*00 


0 

2 

10 


72 
98 
16 


34-74 
0-45 

49-07 
1-13 
0*03 
0-72 


100*00 


100*00 


1 

2 

U 


07 

87 
67 


29-66 
0*61 

51*79 
0*99 
0*04 
1-81 


100*01 
0*01 

100*00 


1*26 

3*09 

10-27 

35-49 

0-54 

45*55 
2-40 
0-19 
1-25 


100*04 
0*04 


100-00 


Composition  of  the  Straw ^  per  cent. 


0 
2 


60 
67 


10*44 

34*18 

0-73 

49-35 


1 
0 
0 


56 
02 
45 


100-00 


100*00 


0*61 
2-64 
9-03 
33-92 
0*49 

50*79 
0*65 
0*06 
0*92 


100*01 
0*01 


100-00 


Dry  matter    

Nitrogen    )*«,i-- 
Ash  (pure)  i""^ 


matter 


\ 


81*00 

82*08 

82-64 

84*28 

82-84 

81*69 

83*30 

82-77 

0*53 

0*49 

0-53 

0*67 

0-67 

0*85 

0*39 

0*48 

6*77 

7-02 

7*08 

6*64 

7-04 

6*27 

5-16 

7*80 

Composition  of  the  StraW'Ash^  per  cefit. 


Ferric  03dde   

Lime 

Magnesia    

Potash 

Soda 

Phosphoric  anhydride 

Anlphuric  anhydride    

Chlorine 

Snica    

Total    

Deduct  O  ss  CI 

Total    


1*12 
2*78 
2*21 
13-86 
0*33 

4*20 

2-05 

1-43 

72-84 

1*01 
2-84 
8*41 
14*85 
0*81 

2-98 

2-83 

1*86 

60-82 

0*47 
2*71 
8-23 
15-18 
0*48 

4*71 

3*11 

2*05 

68-57 

0-78 
2-85 
2-79 
16*84 
0*33 

5*37 

3-63 

2-21 

65-70 

1*08 
2*52 
2-64 
10-54 
0-52 

3-66 

2-37 

1*08 

75*98 

0*94 
4*42 
1*72 
14-25 
0*72 

6*96 

3*32 

1*10 

67*82 

0*49 
5-21 
1-82 
17-85 
0*61 

3*19 

4*76 

2*50 

64*23 

0*48 
2*66 
1-85 
16*67 
0*40 

3-16 

2*52 

2*80 

70*09 

100-82 
0-32 

100*41 
0-41 

100-46 
0*46 

100*50 
0-50 

100*24 
0*24 

100*26 
0*25 

100*56 
0*66 

100-63 
0*63 

100-00 

100*00 

100*00 

100-00 

100*00 

100*00 

100-00 

100-00 

ASH  OP  WHEAT-GRAIN  AND  WHEAT-STRAW. 
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Straw f  grown  at  Boihamstedy  year  after  year  on  the  same  Land, 

GompoMion  of  the  Ash  (excluding  Sand  and  Charcoal),  of  tlie  Grain,  and 
secatiye  seaeons,  1848-1863. 

Tlot  3. — JJivnuvrmred^  every  year. 


1856 

1857 

1858 

1860 

1860 

1861 

1862 

1863 

Average. 

Harvests. 

57-8 

M-3 

78*3 
58-3 

68-3 
60*4 

48*8 
52*5 

50*6 
52*6 

58-7 
57-4 

58-2 

57*8 

70-4 
62*7 

59*5 
57*4 

Orain  to  100  straw. 

Wt.  per  btiithel  of  grain,  Ibe. 

Composition  of  the  Grain,  per  cent. 


e*i8 

1-91 

S-04 


84*91 

88-55 

82-37 

83*10 

85-12 

82*85 

83-97 

83*83 

1-91 

1*86 

1*96 

1-92 

2*04 

1*76 

1*65 

1*90 

1-92 

2-02 

2*06 

2*16 

2-19 

2-03 

1*95 

2-01 

Dry  matter. 


Oomposition  of  the  Grain-Ash,  per  cent. 


0-87 

2-55 

10-76 

30*55 

0-65 

58-56 
1-06 

trace 
1<M> 

1-09 

3*39 

10-81 

32-00 

0-42 

50-00 
1-28 
0-05 
0-97 

1-03 

2-76 

10-50 

82-74 

0*49 

50*85 
0*66 

none 
0-97 

0*96 

2*75 

10*98 

31*94 

0-41 

50-59 
1-25 
0*08 
1-06 

1*61 
2*71 
9*14 
33*69 
0-74 

47*44 
2*21 
0-24 
2*37 

1-05 
2*68 
9*56 
34-42 
0*53 

47*47 
1*66 
0*15 
2*61 

1*32 

2-54 

10*24 

32*33 

1*18 

49*66 
l-6n 

0-07 
1-18 

0*51 

2*66 

10-91 

32-32 

0-76 

51-58 
0-67 

none 
0*59 

1*03 

2*83 

10-33 

32-96 

0*62 

49*71 
1-31 
0-06 
1-16 

• 

Ferric  oxide. 

Lime. 

Mafcnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
SiUca. 

100-00 

100-01 
0-01 

100  00 

100*02 
0  02 

100*05 
0-05 

100-03 
0-03 

100*02 
0-02 

100*00 

100*01 
0*01 

Total. 

Deduct  0  =  01. 

100*00 

100-00 

100*00 

100*00 

100-00 

100*00 

100-00 

100*00 

100*00 

Total. 

Composition  of  the  Straw,  per  cent. 


84*17 
0*41 
5-87 


84-86 

85*42 

84*52 

85*57 

85*35 

83*58 

84-07 

83-58 

0-45 

0*45 

0*51 

0*58 

0*63 

0*44 

0-33 

0-50 

4*82 

6*54 

5-33 

8-33 

6-85 

6*89 

7-12 

6-44 

Dry  matter. 


matter. 


Composition  of  the  Straw-Ash,  per  cent. 


1     1*16 

4-61 

1-70 

11*87 

0-59 

4*00 

3-16 

1*46 

71-78 

1*64 
2-89 
3-50 
15-08 
2*12 

8*51 

2*73 

2*16 

66*85 

0*67 
6*10 
2  18 
17-29 
0*62 

3*01 

4*41 

2*61 

68-70 

0-92 
6-07 
1-59 
13*11 
0*64 

3*66 

3*42 

1*40 

69*50 

1*32 
4*10 
1*03 
11-54 
0*34 

3*48 

2-39 

1-14 

74*92 

0-32 
4-28 
1-45 
20-68 
0-35 

3-68 

4*05 

3*19 

62*72 

0-67 
3-76 
1-30 
10*93 
0-35 

3-06 

2*63 

1*21 

76-37 

0*34 
4-39 
1-48 
18-02 
0*26 

3  16 

2*87 

2-04 

72*90 

0-84 
3-89 
2-12 
14*56 
0-59 

3*79 

3*14 

1*89 

69*61 

Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
Silica. 

100*88 
0*83 

100-48 
0*48 

100*59 
0*59 

100*31 
0*31 

100*26 
0-26 

100*72 
0*72 

100-28 
0*28 

100*46 
0-46 

100*43 
0*43 

Total. 

Deduct  0  s  CI. 

150*00 

100-00 

100*00 

100*00 

100-00 

100*00 

100*00 

100-00 

100*00 

Total. 

G    2 
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Composition  of  the  Ash  of  Wheat'Orain^  and  of  Wheat- 

Appendtx-Tahle  UL — General  Characters  of  the  Produce,  and  Percentage 

of  the  Straw,  in  sixteen  con* 

Flot  10a. — Ammonium- Salts  alone,  every  year. 


Harvests    

1848 

1849 

1860 

1861 

1862 

1868 

1864 

1865 

Grain  to  100  straw 

66*3 
68*1 

76-1 
62*8 

66*7 
60-2 

64*0 
61-9 

47-8 
66*9 

81*3 
48*6 

61*5 
60*6 

61-2 
67-1 

Weiffht  per  bushel  of  irniiii.  lbs 

Composition  of  the  Grain,  per  cent. 


Dry  matter 


matter. 


{ 


81*19 

82*71 

84*38 

84*47 

83*76 

80*46 

84-86 

84*20 

2*42 

1*96 

2*13 

2-16 

2-48 

2*43 

2*80 

2*40 

1*96 

1*67 

1*86 

1*81 

1-88 

1-98 

1-72 

1-91 

Composition  of  the  Grain- Ash,  per  cent. 


Ferric  oxide    

1*04 

8*22 

10*80 

80*60 

0*81 

51-83 
0*78 

trace 
1*42 

0*79 

3*46 

10*31 

36*66 

0*43 

46*87 
2*70 
0*03 
0-86 

0*80 

8*63 

10*70 

38*19 

0*28 

49*24 
1*64 

0*08 
0*60 

0*88 

8*61 

10*67 

82*64 

0*66 

49*67 
1*46 
0*08 
0*64 

0*64 

8-61 

12-70 

28*10 

0*48 

62*92 
0*61 

trace 
1*04 

1*20 
8*75 
9*84 
86*88 
0*78 

44*66 
2*46 
0*17 
1*82 

0»79 

3*86 

10-16 

86-76 

0-68 

46-11 
2-28 
0*46 
0*72 

0-78 

8-67 

10-86 

84*66 

0*86 

47-68 
1*58 
0*28 
0-97 

lime 

Potash 

Soda 

Pho'iphorlc  anhydrldi* 

Sulphuric  anhydride 

Chlorine  

SUica 

Total 

100*00 

100*01 
0*01 

100-01 
0*01 

100*01 
0*01 

100*00 

100*00 
0*04 

100-10 
0-10 

100*06 
0-06 

Deduct  0  =  €1 

Total 

100*00 

100-00 

100*00 

100*00 

100*00 

100*00 

100*00' 

100-00 

Dry  matter 


Composition  of  the  Straw,  per  cent. 


matter. 


{ 


82*81 
0*82 
6*43 


83*90 
0-85 
6*88 


85*66 
0-78 
6*30 


84*86 
0-74 
6*42 


83*28 
0-89 
5*60 


80-94 
1-29 
6*86 


84-82 
0-66 
4*64 


88-11 
0-62 
6*61 


Composition  of  the  Straw-Ash,  per  cent. 


Ferric  ozlde   

Lime 

Magnesia 

Potash 

Soda 

Phoq;>horic  anhydride 

Sulphuric  anhydride 

Chlorine  

Silica 

Total 

Deduct  O  =  CI  .... 

Total 


0-66 

0-78 

0*43 

0-62 

0*76 

1*20 

0*88 

0*29 

6*20 

7*00 

6*19 

6*96 

6-60 

4*90 

5-70 

4-66 

1*42 

2-16 

2-18 

2-36 

1*61 

1-82 

1-74 

1*27 

18*62 

14*81 

17*48 

17-04 

10*58 

16*89 

23-40 

22*08 

0*74 

1*84 

1-73 

1-49 

1-81 

0*87 

0*51 

0-86 

8*28 

2*71 

3-47 

8-63 

2-60 

4-34 

2-14 

2-10 

8*08 

8*56 

4-16 

8*27 

2*66 

8*26 

4-77 

4-48 

1-91 

8-30 

8-74 

4*12 

1*64 

2-51 

6-06 

4-52 

70*67 

64*69 

61-51 

62*64 

73*96 

65*29 

67-44 

60-79 

100*48 

100-74 

100*84 

100*98 

100-36 

100*67 

101-14 

101*02 

0*43 

0*74 

0-84 

0-93 

0*36 

0-87 

1-14 

1*02 

100*00 

100-00 

100*00 

100-00 

100-00 

100*00 

100-00 

100-00 
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Straw f  groum  at  Rothamstedy  year  after  year  on  the  same  Land, 

Composition  of  the  Ash  (excluding  Sand  and  Charcoal),  of  the  Grain,  and 
Becntive  Seasons,  1848-1863. 

Plot  10a. — Ammonium- Salts  alone,  every  year. 


I8H 

1867 

1868 

1859 

1860 

1861 

1862 

1868 

Average. 

Harvests. 

5S-4 
M-6 

75*9 
58*0 

67*6 
59*6 

44*2 
51*6 

40*9 
49*5 

44*2 
56*0 

56*2 
56-5 

74*8 
62*6 

57*2 
87*1 

Grain  to  100  straw. 

Wt.  per  bushel  of  grain,  lbs. 

Composition  of  the  Grain,  per  cent. 


88-96 

2^28 

1-85 


84*98 
2*08 
1*68 


88*92 
2*28 
1*90 


82-87 
2*80 
1-86 


85*08 
2  24 
2*12 


84*86 
2*06 
2*00 


88-66 
1*89 
1*84 


84*80 
1*70 
1*56 


88*92 
2*15 
1*80 


Dry  matter. 


matter. 


Composition  of  the 

Orain^Ash,  per  cent. 

0-69 

8-61 

n-41 

81-86 

0-87 

fiO-05 
1-00 

none 
1*11 

1*27 

4*88 

11*65 

81*58 

0*40 

46-99 
2*12 
0*18 
1-51 

0*68 

4*06 

10-62 

88*52 

0*87 

46*69 
2*78 
0*56 
1*01 

0*98 

3*64 

11*23 

82*69 

0*78 

47*17 
2*86 
0*04 
1*17 

1*86 
3*41 
9*14 
84*82 
0*58 

43*36 
8-67 
0*86 
2*60 

0*69 
8*47 
9-98 
85*54 
0-60 

44*62 
2*68 
114 
1*68 

1*10 

8*54 

10*73 

84*17 

0*92 

44*81 
2*91 
0*67 
1-80 

0*69 

3*85 

11-20 

84*42 

0*54 

46*02 
2*87 
0*19 
0*86 

0*91 

8*62 

10-68 

88-48 

0*55 

47*28 
2*07 
0*28 
1-24 

Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Solphoric  anhydride. 
Chlorine. 
SUica. 

lM-00 

100*08 
0-08 

100*12 
0*12 

100*01 
0*01 

100*19 
0*19 

100*25 
0*25 

100*00 

100*16 
0*15 

100-04 
0-O4 

100*06 
0*06 

Total. 

Deduct  0  =s  CI. 

100 -00 

100*00 

100*00 

100*00 

100*00 

100*00 

100-00 

100*00 

Total. 

Composition  of  the  Straw,  per  cent. 


88*84 

0-50 
4*38 

84*96 
0*56 
898 

85*86 
0*68 
4*61 

85*24 
0*64 
4*29 

84-80 
0*56 
8*08 

84*71 
0-71 
5*97 

88*87 
0*68 
5-46 

84-17 
0*86 
6*40 

84-11 
0*67 
5*82 

Dry  matter. 


matter. 


Composition  of  the  Straw-Ash,  per  cent. 


0-71 
5-57 
1*21 
18*95 
1-71 

8-» 
8-9S 

l-W 
•8-81 

1*06 
7*79 
1-88 
17*60 
0*81 

2*99 

4*28 

2-78 

61-64 

0*55 
8*64 
2*44 
17*84 
1*16 

8*15 

7-79 

2*85 

66*78 

0*90 
8*87 
2  08 
18*29 
1*88 

8*64 
4*65 

1*78 
64*06 

1*09 
8*82 
1*18 
15*87 
0*18 

4*29 

2*96 

1*54 

70*52 

0*19 
5*62 
1*91 
22*20 
1*81 

2*90 

4*88 

8*83 

67*62 

0*46 
5-78 
2'06 
18*65 
1*02 

8*86 
8*44 

1*68 
68*96 

0-22 
6*92 
1-74 
14*25 
0*62 

1*78 

8*88 

8-56 

67*99 

0*63 
6*07 
1-78 
16-46 
1-15 

8*09 

4*06 

2-89 

64-58 

Ferric  oxide. 

Ume. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Solphoric  anhydride. 
Chlorine. 
Silica. 

180-86 
0-86 

100*62 
0*62 

100*66 
0*66 

100*40 
0*40 

100*85 
0*86 

100*86 
0*86 

100*88 
0*88 

100*80 
0*80 

100*66 
0*65 

Total. 

Deduct  0  =  CI. 

180*00 

100*00 

100*00 

100*00 

100-00 

100-00 

100*00 

100*00 

100*00 

Total. 
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Compontion  of  the  Ash  of  Wheat- Orain^  and  of  Wheats 

AppendiX'Tahle  IV* — General   Characters  of  the  Prodace,   and   amounts   of 

100**  C),  of  Grain,  Straw,  and  Total  Produce,  in 

Plot  2. — Farmyard  Manure,  every  year. 


Hairests 


Grain  to  100  straw 

Weight  per  bushel  of  grain,  Ihs. 


1848 


56*0 
58 -2 


1849 


68*8 
6S<8 


1860 


57  •« 
61*9 


1851 


66-2 
6S*6 


1852 


40-6 
68*2 


1858 


83-2 
61*1 


1854 


60*1 
62*6 


1856 


58-2 
62*0 


Per  1000  drytnatter  (Fresh  produce 
o/ffrain.  (Nitrogen 


1255 
18*9 


1209 
16-8 


1192 
18*6 


1184 
18*7 


1201 
20*2 


1246 
17-6 


1164 
17-0 


1195 
21*9 


per  loao  dry 
waiter  qf  ffrain. 


(  Ferric  oxide 

Lime    

Magnesia    .. 

Potash 

Soda 


Phosphoric  anhydride 
Sulphuric  anhydride... 

Chlorine  

l.SiUca 


Total     

Deduct  0  =  CI 


Total 


0-26 
0-49 
2*19 
6-11 
0-11 

10-67 
O-ll 
0-01 
0*82 


20-26 


20*26 


0 
0 
2 


15 

49 
03 


6-37 
0*18 


9*70 
0-29 
-01 
10 


0' 
0 


19-27 


19*27 


0 
0 
2 


24 

67 
27 


6-41 
0*16 

10-82 
0-29 

none 
0-19 


20-46 


20-45 


0-17 
0-55 
2-15 
6-25 
0-10 

9-79 

0-18 

trace 

0*18 


19-32 


19-82 


0-19 
0*55 
2-53 
5*38 
0-09 

10-83 
0-03 

trace 
0-20 


19-80 


19-80 


0 
0 
2 

7 
0 


18 
57 
28 
79 
12 


10-33 
0-52 
0-02 
0-20 


21-96 


21-96 


12 
49 
24 
6*34 
0-10 


10-36 
0*09 

trace 
0-10 


19-84 


19-84 


0-14 
0-62 
2-29 
6*43 
0-18 

11-06 
0-01 

none 
0-14 


20-79 


20*79 


Per  1000  dry  matter  f  Fresh  produce 
cf  etraie.  \  Nitrogen 


1228 
4*9 


1212 
4*5 


1212 
5*0 


1171 
4-8 


1216 
4-6 


1289 
7-3 


1178 
3-6 


1190 
4-8 


Aek'ecnetitrtenU, 

per  1000  dry 
VMtter  o/etraw. 


'  Ferric  oxide 

lime 

Magnesia    .. 

Potash 

Soda 


Phosphoric  anltydride 
Sulphuric  anhydride . . , 

Chlorine  

Silica 


Total     

Deduct  0  s  CI 


Total 


0 
2 
0 


38 

60 
83 


10-22 
0-18 


2 

1 

1 

44 


93 
90 
33 

88 


65-25 
0*30 


64*95 


0 
3 
1 


52 
38 

17 


11-41 
0*86 


1 
2 
1 


96 
18 
95 


43*92 


66*87 
0*44 


66*43 


0*88 
8*27 
1*84 
11*96 
0*69 

2-67 

2-27 

2-89 

38-40 


63-26 
0*54 


62*72 


0 
2 
I 
11 
0 


30 
79 
24 
80 
36 


3*07 

2*22 

1*85 

43*39 


67*02 
0*42 


66*60 


0*59 
2-73 
1*07 
9-06 
0*42 

2*27 

1*82 

1*81 

81-47 


70-74 
0-30 


70-44 


0 
2 
0 
18 
0 


29 
14 
91 
88 
34 


4-12 

2*36 

1-77 

41-50 


66*81 
0-40 


66*41 


0*16 
2*60 
0*96 
9-64 
0-23 

1-48 

2-26 

1*60 

80-48 


49-36 
0*36 


48*00 


0*21 
2*64 
0*96 
16*54 
0*33 

2-88 

1-76 

3-71 

46-78 


74-80 
0-84 


73-96 


Per  1000  dry  matter 

<^  total  produce 
(^rain  and  ttraw) 


} 


Fresh  produce 
Nitrogen 


1237 
9-9 


1210 
9' 


1206 
10-0 


1176 
9-1 


1211 
9-8 


1241 
9*9 


1173. 
8-6 


1192 
10-8 


A»It-con$tituent»f 

per  1000  dry 

matter  of  total 

produce  (ffrain 

and  etraw.) 


'^Ferric  oxide 

lime 

Magnesia    .. 

Potash 

Soda 


Phosphoric  anhydride 
Sulphujic  anhydride... 

Chlorine  

ISiUca. 


Total    

Deduct  0  s  CI 


Total    49-11 


0 
1 
1 

8 
0 

6 
1 
0 


33 
-85 
■81 
•76 
•16 

-67 
•27 
•87 


29*09 


49*31 
0*20 


0 
2 
1 


87 
20 
52 


9*36 
0*27 


6 

1 

1 

26 


12 
41 
16 
11 


47-82 
0*26 


47-26 


0 
2 
1 


•33 
*28 
*68 
9*91 
0*43 


5*49 

1*64 

1*51 

24*32 


47*49 
0*34 


47-15 


0-25 
1-91 
1-60 
9-60 
0-26 

5-78 

1-41 

1-12 

26*26 


48*18 
0-25 


47-88 


0*46 
2*00 
1*56 
7*83 
0*31 

5*18 

1*22 

0*87 

34*31 


63 -69 
0*20 


63*49 


0*26 
1-75 
1-23 
11-99 
0*29 

6-67 

1-90 

1-34 

31-24 


65*67 
0*30 


66*37 


0*16 
1-80 
1*44 
8*89 
0*18 

4*84 

1*44 

0*99 

18-96 


88-19 
0*22 


37-97 


0-18 
1-86 
1*46 
12-20 
0-27 

6-89 

1*11 

2*36 

29*67 


64*98 
0*58 


64*46 
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Straw^  grown  at  Bothamsted^  year  after  year  on  the  same  Land. 

Nitrogen,  Ash- Constituents,  and  Total  Ash  (pare),  j/er  1000  Dry  Mutter  (at 
sixteen  oonsecutive  Seasons,  1848-1863. 


Plot  2. — Farmyard  Manure,  every  year. 

18SC 

1857 

1858 

1859 

I860 

1861 

1862 

1863 

Arenge. 

Harvests. 

83-9 

n-9 

60-4 

65-5 
62-6 

47*1 
66*5 

54*2 
55-5 

71*0 
60*5 

58*8 
61*0 

67*6 
63*1 

68*6 
60*0 

Grain  to  100  straw. 

Wt.  per  bushel  of  grain,  lb^ . 

t211 
18-9 

1124 

19-7 

1197 
19-1 

1209 
20*9 

1169 
20-0 

1181 
19*5 

1201 
15*7 

1182 
15*2 

1194 
18-8 

Fresh  prodace. 
Nitrogen. 

017 
0-90 
t'K 

6-80 
0*08 

10 -TS 
0-06 
0-01 
0-15 

0-20 
0-56 
2-82 

5-79 
0-15 

10-18 
0-09 

trace 
0-10 

0*19 
0-58 
2-28 
6-52 
0-06 

10*61 
0*16 
0*01 
0*10 

0*16 
0*60 
2*36 
6*68 
0*11 

11*10 
0*11 

trace 
0-17 

0-22 
0-60 
2*18 
7*27 
0*14 

10*65 
0*19 
0*02 
0*27 

0*11 
0*54 
2-21 
7-12 
0-14 

11-06 
0-22 

none 
0*11 

0*16 
0*80 
2*22 
6*87 
0*13 

10*28 
0-10 

none 
0*16 

0*06 
0*43 
2*12 
6*85 
0-12 

0*65 

0*17 

trace 

0*12 

0-16 
0-52 
2-24 
6*86 
0*12 

10-44 
0*16 
0*01 
0*16 

Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phoq;>horic  anhydride. 
Snlphurlc  anhydride. 
Chlorine. 
SlUca. 

19-61 

19-89 

20-45 

21-09 

21*54 

21-60 

19*91 

18*54 

20*14 

Total. 

Deduct  0  B  CI. 

19-81 

1204 
8-8 

19-89 

20*45 

21-09 

21*54 

21*80 

19-91 

18*54 

20*14 

Total. 

1185 
8-9 

1174 
4*7 

1181 
4-0 

1176 
6-6 

1165 
4*8 

1192 
8-7 

1184 
2*6 

1198 
4*4 

Fresh  produce. 
Nitrogen. 

0-82 
2-«l 
1-08 
9-60 
0-Sft 

2-25 

1-72 

1-50 

41 -64 

0-44 
2-98 
0-88 
10-96 
0-24 

1-89 

1*46 

2*19 

38*98 

0-28 
2-59 
1-09 
18-92 
0-81 

2*19 

2-28 

8*09 

89*10 

0*88 
2*86 
0*88 
11*63 
0*84 

2*19 

1*27 

1*74 

41*57 

0*66 
2-68 
0*84 
18-21 
0*40 

8*20 

2-01 

1*64 

56*06 

0*16 
2*44 
0*86 
18*87 
0*61 

2*69 

2*51 

8*67 

41*48 

0-26 
2-16 
0-90 
9*78 
0*86 

2*20 

1*58 

1*24 

48*84 

0*12 

2*48 

0*91 

11*63 

none 

2*02 

1*68 

2*82 

43-74 

0*88 
2*66 
0*98 
11-91 
0*32 

2*45 

1*92 

2*06 

48*08 

Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
SiUca. 

fl-OK 
0-M 

56*02 
0*49 

64*85 
0*69 

62*80 
0-89 

79-44 
0*85 

72*48 
0*81 

67*22 
0*28 

64-70 
0*62 

65*71 
0*46 

Total. 
DedttctOsCL 

tt-98 

54*58 

64*16 

62-41 

79-00 

71-68 

66-94 

64*18 

65*25 

Total. 

U06 
9-0 

1178 
10*9 

1188 
10-8 

1190 
9-8 

1174 
10-7 

1172 
10*6 

1196 
8*1 

1183 
7-6 

1198 
9*5 

Fresh  produce. 
Nitrogen. 

0*27 
1-89 
1-48 
8-29 

0-96 

4I7 

1*14 

0*99 

10-64 

U-18 

0-2S 

0*84 
1-91 
1*51 
8*68 
0-20 

6*65 

0-85 

1-22 

19*04 

0-24 
1-78 
1*66 
11*08 
0-21 

6*48 

1-46 

1*88 

28*86 

0*81 
2*11 
1*31 
10*04 
0*26 

8*00 

0-91 

1*19 

28*54 

0*60 
1-85 
1*81 
11*12 
0-81 

6*88 

1-37 

1-01 

86*72 

0*14 
1-66 
1*42 
18-78 
0-86 

6*07 

1*66 

2-10 

24*44 

0*22 
1*66 
1*38 
8*60 
0*28 

5-16 

1*01 

0*78 

30*99 

0-10 
1*63 
1-39 
9*24 
0-08 

6*10 

104 

1*38 

26*15 

0-27 
1*87 
1*46 
9*86 
0*26 

5*40 

1*27 

1*80 

27*28 

Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
Silica. 

88-80 
0-27 

47-49 
0*42 

49-67 
0-27 

50*02 
0*38 

51*48 
0-47 

49*87 
0*18 

46*08 
0*81 

48*89 
0*29 

Total. 

Deduct  0  =  CI. 

«*90 

89*09 

47-07 

49*40 

58*79 

51-01 

49*69 

45*77 

48*60 

Total. 
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LAWES  AND  GILBERT  ON  THE  COMPOSITION  OP  THE 


Composition  of  the  Ash  of  Wheats  Grain,  and  of  WhecU- 

AjppendiX'TMe   V. — General    Characters  of    the  Produce,  and    amounts  of 

100'  C),  of  Grain,  Straw,  and  Total  Produce,  in 

Tlot  3. — Tlnrnanured^  every  year. 


Hi 

irrettB 

1848 

1849 

1850 

1851 

1852 

1868 

1864 

1856 

Grain  to  100  strai* 
Weight  per  bushel 

r 

55*6 
67-8 

76-1 
61-4 

68-2 
60-6 

66-6 
61-1 

63-9 
56-6 

26*4 
46-9 

63-6 
60*6 

60-0 
69-2 

of  irraiii.  lbs 

Per  1000  dry  ma(t« 

r  (Fresh  produce   

INitroffen 

1244 
21-7 

1216 
17-8 

1193 
18-3 

1186 
16-7 

1211 
20-8 

1247 
20-9 

1181 
19-2 

1179 
21-4 

^Ferric  oxide    

0-28 
0-67 
2-07 
6-26 
0-13 

10-29 
0-16 

trace 
0-27 

0-20 
0*59 
1-83 
6-65 
0-08 

8-98 
0-34 
trace 
0-14 

0*26 
0-60 
1-99 
6-65 
0-18 

10-02 
0-28 
0-01 
0-23 

0-14 
0-58 
1-97 
6-75 
0-09 

9-58 
0-22 
0-01 
0-14 

0-22 
0-58 
2-36 
6-01 
0-13 

10-60 
0-20 
0-01 
0-27 

0-30 
0-73 
2*43 
8-38 
0-13 

10-76 
0-67 
0-04 
0-30 

0*12 
0-52 
2-04 
6*67 
0-14 

9-64 

0-31 

trace 

0-09 

0-12 
0*58 
2-01 
6-86 
0-10 

10-27 
0-13 
0*01 
0*19 

Lime    

Magnesia 

Potash 

AArCOfnahUuntty 

Soda 

per  1000  dry    - 
wcJUrr  of  grain. 

Phosphoric  anhydride 
Sulphuric  anhydride... 
Chlorine 

Silica 

Total     

20*02 

18-81 

20-17 

19-43 

20-28 

23-63 
0-01 

19-63 

20-22 

Deduct  ObQ  ... 
Total    

20-02 

18-81 

20-17 

19-43 

20-28 

23-62 

19-68 

20-22 

Per  IWO  dry  matte 
o/ttrav. 

r  (Fresh  produce    

Nitrogen 

1234 
6-3 

1218 
4-9 

1211 
5-8 

1186 
6-7 

1194 
5-7 

1226 
8-5 

1201 
3*9 

1207 
4*8 

r'Ferric  oxide    

0-76 
1-88 
1-60 
9-04 
0-23 

2-83 

1-89 

0-97 

49-28 

0-70 
2-00 
2-40 
10-48 
0-57 

2-09 

1-99 

1-81 

49-05 

0-88 
1-91 
2-27 
10-64 
0-34 

8-81 
2-19 
1-44 

48-22 

0-52 
1-86 
1-83 
11-02 
0-22 

8-51 

2-37 

1-45 

43  00 

0-73 
1-77 
1-85 
7-43 
0-86 

2-52 

1-67 

0-76 

63-51 

0-59 
2-77 
1-08 
8-94 
0-46 

8-74 

2-09 

0-70 

42-54 

0*26 
2*69 
0-94 
9-22 
0*26 

1*65 

2-46 

1-30 

33-17 

0*35 
1-94 
1-35 
12-17 
0-29 

2*80 

1-84 

2-04 

61-14 

Lime 

Magn<*Hia 

Potash 

Aak-ctmttituent*t 

Soda 

per  1000  dry    i 
matter  of  ttroK, 

Phosphoric  anhydride 
Sulphuric  anhydride... 
Chlorine  

Silica. 

Total     

67-88 
0-22 

70-54 
0-29 

70-65 
0-32 

65-78 
0-33 

70-60 
0-17 

62-90 
0*16 

61-94 
0-29 

78-42 
0-46 

Deduct  0  =  CI  ... 
Total    

67-66 

70-25 

70-33 

65-45 

70-43 

62-74 

51-65 

72*96 

Per  leOO  dry  matte 

of  total  prodxice 

(train  and  ttrate) 

'*!  Fresh  produce  

'Nitrogen 

1288 
11-2 

1217 
10-3 

1204 
10-1 

1186 
10-1 

1209 
11-0 

1280 
11-0 

1193 
9-9 

1197 
11*1 

^ 

^Ferric  oxide 

0-58 
1-42 
1-70 
8-06 
0-19 

6-49 

0-95 

0*63 

81-86 

0-49 
1-39 
2-16 
8-79 
0-36 

5-07 
1-28 
0-74 

27-88 

0-31 
1-42 
2-17 
9-16 
0-28 

5-80 

1-46 

0-91 

80-38 

0-37 
1-35 
1-89 
9-31 

0-17 

6-92 

1-51 

0-87 

25-87 

0-65 
1-86 
2-03 
6*93 
0-28 

5*81 

1-16 

0*50 

34-90 

0*53 
2-37 
1-36 

8-83 
0*38 

6-U 

1-78 

0-67 

34-10 

0-20 
1-84 
1-37 
8-22 
0-22 

4*78 

1*61 

0*79 

20-18 

0-26 
1*40 
1-60 
10-15 
0-22 

5 '34 

1*19 

1-27 

81-75 

Line    „,„„„■,■, r- 

Jak^onttituente, 

Hagnesla    

Potash , 

per  IQOO  dry 

Soda 

matter  qf  total  A 
product  (ffrain 
and  itrav). 

Phosphoric  anhydride 
Sulphuric  anhydride... 
Chlorine 

Silica. 

Total    

50-87 
0-14 

48-15 
0-16 

61-89 
0-21 

47-26 
0-20 

53-02 
0-11 

65*05 
0*18 

89-21 
0-18 

68-18 
0-29 

I>educt  0  =  CI  ... 
Total     ............... 

50-78 

47-99 

51-68 

47-06 

62-91 

64-92 

89-08 

62-89 

ABB  OP  WHEAT-GRAIN  AND  WHEAT-STILVW. 
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Straw,  grown  cU  Bothamisted^  year  after  year  on  the  samie  Laud. 

'Sittngen,  Ash-Constitaents,  and  Total  Ash  (pure),  per  1000  Dry  Matter  (at 
sixteen  oonsecatire  Seasons,  I84i8-1863* 

Plot  3. — Unmanured,  every  year. 


18S6 

1857 

1868 

1859 

1800 

1861 

1862 

1868 

Avemge. 

HarreBts. 

67  "S 
M-3 

78*8 
58*8 

68*8 
60*4 

48*8 
62*6 

60-6 
52*6 

68*7 
67*4 

58*2 
67*8 

70*4 
62*7 

59*5 
67*4 

Ondn  to  100  straw. 

Wt.  per  bushel  of  grain,  lbs. 

• 

1217 
19-1 

1178 
19*1 

1197 
18*6 

1214 
19*6 

1204 
19*2 

1176 
20*4 

1216 
17-6 

1191 
16*5 

1200 
19*0 

FrcBh  produce. 
Nitrogen. 

1 

0*18 
0*52 
2*19 
6-23 
0-lS 

10 -TC 
0-22 

trace 
0-20 

0-21 
0*66 
2*08 
6*16 
0-08 

9*62 

.0*25 

0*01 

0*19 

0*21 
0*66 
2*12 
6*61 
0*10 

10*27 
0-13 

none 
0*20 

0*20 
0*67 
2*28 
6*64 
0*09 

10*62 
0*26 
0*02 
0*22 

0*35 
0*69 
1*98 
7*26 
0*16 

10*26 
0*48 
0*05 
0-61 

0*23 
0*69 
2*09 
7*64 
0*12 

10*89 
0*86 
0*08 
0*65 

0*27 
0*51 
2*08 
6*66 
0*24 

10*05 
0*83 
0*02 
0*24 

0*10 
0*62 
2-12 
6-28 
0*16 

10-03 
0*13 

none 
0-12 

0*20 
0*57 
2*08 
6*62 
0*18 

10*08 
0*25 
0*01 
0*22 

Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
Silica. 

■ 

20-S9 

19*26 

20*20 

20*80 

21-63 
0*01 

21-90 
0*01 

20*30 

19*46 

20*11 

Total.     » 
Deduct  0  =  Q. 

9>-S9 

19*26 

20*20 

20-80 

21*62 

21-89 

20*30 

19*45 

20-11 

Total. 

tl88 
4-1 

1186 
4*6 

1171 
4*6 

1183 
5*1 

1169 
6*8 

1172 
6*8 

1196 
4*4 

1190 
3*8 

1196 
6*0 

Fresh  produce. 
Nitrogen. 

0*69 
2-70 
0*99 
6-96 
0*86 

2*36 

1*86 

0*86 

42*11 

0-79 
1*89 
1*69 
7*28 
1*02 

1*69 

1*32 

1*04 

82*19 

0*87 
8*88 
1-21 
9*69 
0*34 

1*67 

2*46 

1*44 

85 -31 

0*49 
8-23 
0*86 
6*98 
0*84 

1*98 

1*82 

0-75 

37*02 

1*10 
3*42 
0*86 
9*61 
0*28 

2-90 

1*99 

0*96 

62*40 

0*22 
2*93 
0*99 
14*16 
0*24 

2-62 

2*77 

2*19 

42*94 

0-47 
2*68 
0*89 
7*63 
0*24 

2*11 

1*81 

0*83 

62-69 

0*24 
8*13 
1*06 
9-27 
0*18 

2*26 

2*03 

1-46 

61*92 

0*58 
2*48 
1*86 
9*80 
0*35 

2*42 

2-00 

1*21 

46*00 

Ferric  oxide. 

Lime. 

Bfagnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
Silica. 

88*87 
0*20 

48*89 
0*28 

65*76 
0*38 

53-43 
0*17 

83*61 
0*21 

68*96 
0*49 

69-06 
0*19 

71*68 
0*88 

64*64 
0*27 

Total. 

Deduct  0  s  CI. 

tt*67 

48*16 

65 -48 

68*26 

83*80 

68*47 

68*86 

71*20 

64*87 

Total. 

1198 
9-5 

1182 
10*9 

1182 
10*1 

1193 
9*8 

1181 
10*2 

1173 
11*6 

1203 
9*2 

1190 
8*7 

1198 
10*8 

Fresh  produce. 
Nitrogen. 

0*61 
1-92 
1-42 
6-70 
0-27 

5*85 

1*27 

0*66 

27-00 

0-64 
1*07 
1*86 
6-77 
0*60 

5*19 

0*84 

0*69 

18*09 

0*31 
2*25 
1*67 
8*40 
0*24 

5*12 

1*62 

0*87 

21*24 

0*39 
2-38 
1*31 
6*87 
0*26 

4*70 

1*32 

0*61 

25*24 

0*85 
2*49 
1*23 
8*83 
0*24 

5*82 

1*49 

0*66 

42*02 

0*22 
2*07 
1-40 
11*72 
0*19 

5*42 

1*89 

1*89 

27*29 

0*39 
1*83 
1*83 
7-18 
0*24 

6*00 

1*27 

0-63 

83*63 

0-18 
2-06 
1-60 
8*04 
0*17 

5*46 

1*26 

0-86 

30*68 

0*41 
1*77 
1*62 
8*30 
0*27 

5*26 

1-35 

0*76 

28-82 

Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydrida. 
Sulphuric  anhydride. 
Chlorine. 
SUica. 

45*08 
0-IS 

85*65 
018 

41*52 
0*20 

42*98 
0*11 

68*13 
0*16 

61-69 
0*31 

61*80 
0-18 

60*08 
0*19 

48*06 
0-17 

Total. 

Deduct  0  B  CI. 

44*96 

85*42 

41*82 

42*87 

62*98 

51*28 

51*17 

49*84 

47-89 

Total. 
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LAWES  AND  GILBERT  ON  THE  COMPOSITION  OF  THE 


Composition  of  the  Ash  of  Whea^Qrainy  a/nd  of  Wheats 

Appenddx-Tahle  VL — Greneral  Characters  of  the  Produce,  Amonnts  of  Nitrogen, 

Grain,  Straw,  and  Total  Produce,  in  sixteen 

Plot  10a. — Ammonvu/nV' Salts  alone^  every  year. 


HUTMtl. 


1848 


1848 


1860 


1861 


1862 


1861 


1864 


1866 


Grain  to  100  straw   

Weight  per  bushel  of  grain,  lbs. 


66-8 
68*1 


76  •! 
62 '8 


66 '7 
60*2 


64*0 
61 'f 


47-8 
66  •» 


81 '8 
48-6 


61-6 
60-6 


61-2 
57-1 


Per  lOOOdiyvMUer  (  Fresh  produce 
0/  grain.  (.  Nitrogen 


1282 
24-2 


1209 
19*6 


1186 
21*8 


1184 
21-6 


1198 
24*8 


1242 
24-8 


1178 
28-0 


1188 
24*0 


A  9hreon$tituaittf 

per  1000  drjf 
matter  offfraxn. 


Ferric  oxide 

Lime 

Magnesia    .. 

Potash 

Soda 


Phosphoric  anhydride 
Solphorlc  anhydride 

Chlorine 

LSiUoa   


Total    

Deduct  0  ==  Cl 


Total 


0*20 
0-68 
2-11 
6*98 
0-16 

10*03 
0-15 

trace 
0-28 


19-64 


19*64 


0*18 
0*68 
1-72 
5-98 
0*07 

7-66 
0-46 
0*01 
0*14 


16*69 


16-69 


0 
0 
1 
6 
0 

9 
0 


15 
•68 
99 
-18 
06 

16 
29 


0-01 
0-11 


18*62 


18-62 


0 
0 
1 
6 
0 


15 
64 
93 
89 
12 


8*96 
0-26 


0 
0 


01 
11 


18-07 


18*07 


0*12 
0-64 
2-83 
6-15 
0-09 

9*69 
0-11 
trace 
0-19 


18-82 


18-82 


0 
0 
1 

7 
0 


24 
74 
86 
09 
15 


8*82 
0*49 


0 
0 


03 
36 


19*77 
0*01 


19*76 


•14 

-58 
-74 
6*16 
0*09 


0' 
0- 
1 


7-98 
0-38 
0-08 
0-12 


17-21 
0*02 


17*19 


0*14 
0*68 
1-97 
6*61 
0-07 

9-06 
0*80 
0-U6 
0-18 


19-06 
0-01 


19*06 


Per  1000  dry  mcrfterr  Fresh  produce 
qf^av.         (.Nitrogen 


1208 
8-2 


1192 
8*5 


1167 
7-8 


1178 
7*4 


1200 
8-9 


1236 
12*9 


1186 
6*6 


1204 
6*2 


Aeh-eonttUu/enttt 

jter  1000  dry 
auaUer  itfttrav. 


'' Ferric  oxide 
Lime    ........ 

Magnesia    .. 
Potash 


Phosphoric  anhydride 
Sulphuric  anhydride 

Chlorine 

Silica 


Total    

Deduct  0  =  01 


Total 


0 
2 
0 
7 
0 

1 
1 
1 


80 
83 
77 
40 
40 

76 
67 
04 


88*41 


54*58 
0*23 


54*36 


0*45 
4*08 
1*26 
8*62 
1*07 

1*58 

2*07 

1*92 

87-63 


58*68 
0*43 


58*25 


0-23 
3-28 
1*16 
9-23 
0*91 

1*84 

2-20 

1*98 

82-58 


53*41 
0-44 


52-97 


0*29 
3-23 
1-28 
9-23 
0-80 

1*97 

1-78 

2*23 

83*88 


0*42 
3*13 
0*90 
5*89 
0*74 

1*40 

1*43 

0*87 

41-39 


54*69 
0-51 


56*17 
0*20 


54*18 


55*97 


0 
2 
0 


70 
87 
78 


9*89 
0*51 

2*54 

1-90 

1*47 

38-24 


58-90 
0-33 


58-57 


0 
2 

0 
10 


17 
60 
79 
63 


0-28 

0-97 

2-16 

2-30 

26*09 


46*93 
0-52 


45-41 


0*17 
2-62 
0-71 
12-36 
0-48 

1-17 

2*52 

2-54 

34-00 


56-66 
6-57 


56-09 


''"J^JS:S^\fy^v''>»«^ 


of  total  produce 
(ffi'oin  and  etraw) 


'} 


Nitrogen 


1216 
18-9 


1199 
13-2 


1174 
12-6 


1180 
12-9 


1196 
14-0 


1237 
15-6 


1183 
12-3 


1198 
12*3 


AihreonttitvsiUSt 

per  1000  dry 

matter  t^  total 

produce  (ffrain 

and  ttraw.) 


(  Ferric  oxide 

Lime 

Magnesia    .. 

Potash 

Soda 


Phosphoric  anhydride 
Sulphuric  anhydride 

Chlorine 

Silica 


Total    

Deduct  0  s  Gl 

Total......... 


0-27 
2*04 
1-25 
6-89 
0-82 

4-70 

1*13 

0*67 

24-84 


42*11 
0*15 

41-96 


■82 
•59 
•46 
•48 
•66 


4*16 

1*38 

1*11 

21-67 


40-82 
0-25 

40-87 


0-20 
2-36 
•46 
•15 
-61 


1 

8- 

0- 


4 

1 

1 


44 

52 
28 


21-08 


41-09 
0-29 

40-80 


0-28 
2-22 
1-53 
7-98 
0-54 

4-69 

1-19 

1-37 

20-74 


40-44 
0-81 

40-13 


0 
2 
1 
5 
0 


82 
88 
36 
65 
53 


4-08 

1-00 

0-59 

28-10 


43-96 
0-14 

43-82 


0-59 
2-37 
1-03 
9-23 
0*43 

4-03 

1-56 

1*13 

29-23 


49*60 
0-26 

49-84 


0-16 
1-82 
1-15 
8-91 
0*18 

3*63 

1-48 

1-45 

16-16 


34*94 

0*32 

84*62 


0*16 
1*95 


1 

10 

0 

8 
1 
I 


14 
•40 
34 

86 
"76 
69 


22-52 


43*82 
0-88 

48-44 
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Straw,  grown  ai  Bothamsted^  year  after  year  on  the  same  Land. 

Ash-ConsfatTientSy  and  Total  Ash  (pnre),  per  1000  Dry  Matter  (at  100"  C),  of 
oonsecatiye  Seasons,  1848-1863. 


Plot  10a.- 

'Ammonium- Salts  alone,  every  year. 

1856 

1867 

1858 

1859 

I860 

1861 

1862 

1868 

ATenge. 

Harretts. 

58-4 
5ft -• 

75*9 
68*0 

67*6 
59*6 

44*2 

51*5 

40*9 
49*5 

44*2 
55*0 

56*2 
56-5 

74*8 
62*6 

67*2 
57*1 

Oraln  to  100  straw. 

Wt.  per  bushel  of  grain,  lbs. 

1191 
22-3 

1178 
20*8 

1191 
22*8 

1214 
28-0 

1175 
22*4 

1178 
20*8 

1197 
18*9 

1179 
17*0 

1101 
21*5 

Frrota  prodnoe. 
Nitrogen. 

0*11 
0*67 
2-11 

5*88 
0*07 

9-25 
0*19 

0-20 

0*21 
0*72 
1-90 
5*16 
0*07 

7*67 
0*84 
0*02 
0*25 

0*12 
0*77 
1*99 
6*85 
0-07 

8*85 
0*58 
0*11 
0*19 

0*18 
0*68 
2*09 
6-09 
0*14 

8*78 
0*44 
0*01 
0*22 

0*89 
0*72 
1-94 
7-88 
0*12 

9-18 
0*76 
0*18 
0*55 

0*14 
0*69 
2*00 
7*12 
0*10 

8*94 
0*58 
0*28 
0*84 

0*20 
0*65 
1*96 
6*80 
0*17 

8*17 
0*54 
0-12 
0*88 

0*09 
0*60 
1*75 
6*87 
0*09 

7*18 
0*87 
0*08 
0*18 

0*16 
0*65 
1*98 
6*02 
0*10 

8*54 
0-87 
0*04 
0*21 

Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Solphuric  anhydride. 
Chlorine. 
Silica. 

18*48 

16*84 

18*96 
0*02 

18*63 

21*22 
0*04 

20*09 
0*05 

18*46 
0*08 

15-61 
0*01 

18*02 
0*01 

Total. 
Deduct  0  s  Gl. 

18-48 

16*84 

18*96 

18*68 

21*18 

20*04 

18*48 

15*60 

18-01 

Total. 

1201 
5*0 

1177 
5*6 

1171 
6*3 

1178 
6*4 

1180 
5*5 

1180 
7*1 

1199 
5*8 

1188 
8*5 

1189 
6*7 

Fresh  produce. 
Nitrogen. 

0-32 
2-56 
0-56 
8-30 
0-79 

1-53 

1-82 

0-73 

31-27 

0*42 
8*10 
0*75 
6*97 
0*82 

1-19 

1*69 

1*09 

24*58 

0*26 

8*98 
1*18 
8*00 
0-64 

1*45 

3*60 

1*81 

26*16 

0*80 
8-59 
0*87 
5*69 
0*81 

1*52 

1*95 

0*76 

27*45 

0*88 
2*68 
0-91 
12*42 
0*10 

8*47 

2*89 

1*25 

57*01 

0*12 
8*86 
1*14 
13*24 
1*08 

1*78 

2*91 

2*29 

84*82 

0*24 
8*15 
1*12 
7*44 
0*56 

1*88 

1-88 

0*92 

87*59 

0*12 
8*74 
0*94 
7*70 
0*29 

0*98 

2*09 

1*92 

86-74 

0*88 
8*18 
0-94 
8*71 
0*60 

1*68 

2*10 

1-57 

84*49 

Fenfe  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
Silica. 

4ft -96 

0-16 

40-06 
0*25 

46*48 
0*80 

48*03 
0*17 

81*11 
0-28 

60*19 
0*51 

64-72 
0*20 

54*47 
0-48 

68*55 
0*85 

Total. 

Deduct  0  =  CI. 

46-79 

39*81 

46*18 

42*86 

80*88 

50*68 

64*62 

54*04 

58*20 

ToUl. 

1197 
11*0 

12*2 

1179 
12*7 

1186 
11*4 

1178 

10*4 

1180 
11-8 

1199 
10*6 

1184 
9*8 

1190 
12*1 

Fresh  produce. 

Nitrogen. 

0-26 
1-89 
1*10 
6-21 
0*63 

4-23 

1-26 

0-47 

20-40 

0*88 
2*07 
1*24 
6*19 
0-21 

3-99 

1*11 

0*68 

14*06 

0*20 
2*70 
1*47 
7*85 
0*85 

4*41 

2*87 

0-88 

15*80 

0*82 
2*71 
1*24 
6*81 
0*61 

8-70 

1*50 

0*54 

19*80 

0-74 
2*11 
1*21 
10-95 
0*11 

5*18 

1*92 

0*94 

40*58 

0*12 
2*54 
1-40 
11*86 
0-78 

8*96 

2*18 

1*66 

28*88 

0*28 
2*25 
1-48 
7*08 
0*42 

4*11 

1*89 

0*68 

24*17 

0*11 
2*40 
1-28 
6*70 
0*20 

8*61 

1-35 

1*11 

21*07 

0*27 
2-26 
1*30 
7*74 
0-42 

4*14 

1*47 

1-01 

22*08 

Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
Silica. 

16 -33 

O-Il 

29*88 
0*14 

86-48 
0*19 

85*78 
0*12 

68*69 
0*21 

47*87 
0*87 

41*66 
014 

87-88 
0*25 

40*64 
0-23 

Total. 
Deduct  0  s  CI. 

86*22 

29*99 

35*29 

35*61 

68*48 

47*50 

41-52 

87*58 

40*41 

Total. 
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LAWES  AND  GILBERT  ON  THE  COMPOSITION  OF  THE 


Composition  of  the  Ash  of  Wheat^Qrainj  and  of  WheaU 

AppendiX'Table  VIL — General  Characters  of  the  Produce,  and  Qnantities  of 

(pure),  per  Acre^  in  Qrain,  Straw,  and  Total 

Fht  2. — Farmyard  Manure ,  every  year. 


Hanrests. 


Orain  to  100  straw   

Weight  per  bushel  of  grain,  llw. 


1848 


56*0 
68-2 


1849 


68-3 
68-8 


1850 


67-3 
61-9 


1851 


66-2 
63-6 


1852 


49-6 
58-2 


1858 


83*2 
51-1 


1854 


60*1 
62-5 


1855 


58*2 
62-0 


ptr  acre,  Ibi.      \NiUt)gen 


1705 
1369 
25*7 


2068 
1712 
27-0 


1861 
1561 
29-0 


2049 
1731 
27*2 


1716 
1429 
28-9 


1120 
899 
15*8 


2675 
2298 
39*1 


2237 
1872 
41-0 


Ash-contlituent* 

ofgrain^ 

ptr  acre,  lbs. 


^Ferric  oxide 

Lime 

Magnesia 

Potash 

Soda 


Phosphoric  anhydride 
Sulphuric  anhydride... 

Chlorine  

vSilica. , 


Total 

DeductO«Q  .. 


Total. 


0-34 
0-66 
2-97 
8-30 
0-16 

14-49 
0-15 


•02 
•43 


27-52 


27-62 


0 
0 


26 

'83 


3*48 

10-91 

0-22 

16*60 
0-50 


0 
0 


01 
18 


82-98 


32-98 


0-87 
0-90 
3-63 
10-01 
0-26 

16-11 
0-45 

none 
0-29 


0 
0 
8 


29 
96 
72 


10-82 
0-17 

16*95 
0-31 

trace 
0-22 


0 
0 
3 
7 
0 


27 
79 
61 
70 
13 


0 
0 
2 

7 
0 


16 
51 
00 
00 
11 


15-47 
0  04 

trace 
0-28 


9*29 
0-47 


•02 
•18 


31-92 


33-44 


28*29 


19*74 


81-92 


33-44 


28-29 


19-74 


0 
1 
6 


28 
12 
14 


14-58 
0-22 

23-80 
0*21 


0 
0 


01 
23 


45-59 


45-59 


0 
0 
4 


27 
97 
29 


12-08 
0-33 

20*74 
0*01 

none 
0-27 


38*91 


38-91 


j)er  aeret  lot.       •  -  -' 


i.  Nitrogen, 


A  sft-con9tituent$ 

o/$traiOf 

per  acre,  lbs. 


(  Ferric  oxide 

Lime 

Magnesia  ... 

Potash 

Soda 


Phosphoric  anhydride 
Sulphuric  anhydride... 

Chlorine 

I  Silica  


Total 

Deduct  O  =  CI 


Total. 


3041 
2477 
12-1 


3029 
2499 
11-2 


3245 
2677 
18-4 


3094 
2642 
12-7 


3457 
2842 
13-1 


3372 
2721 
19-9 


4450 
3778 
18*2 


3845 
8230 
18-9 


0*94 
6-46 
2-05 
25-31 
0-45 


7 
4 

3-30 
111-16 


•26 
•70 


161*62 
0-74 


160-88 


1*30 
8-43 
2-98 
28-62 
0*91 

4*94 

5-44 

4-68 

109-76 


167-11 
1-09 


166-02 


1-02 
8-76 


8 

31 
1 


59 
98 
57 


7-16 

6-07 

6-41 

102-78 


169-34 
1-45 


167-88 


0-79 
7-38 
3-29 
81-16 
0*96 

8*10 

5*87 

4-88 

114-63 


1-69 
7-76 
3-04 
25-76 
1-19 

6-44 

6-16 

3-72 

146-27 


177-05 
1-11 


201 -03 
0-84 


175-94 


200-19 


0-78 
5-83 
2-47 
36-39 
0-93 

11-22 

6-42 

4-83 

112-92 


0-62 
9-83 
3-63 
36-41 
0*86 

6-62 

8-64 

6-00 

114-96 


181 -79 
1-08 


186-47 
1*36 


180*71 


186*11 


0*68 
8*63 
311 
60-20 
1-07 

9-31 

5-64 

11-98 

151-10 


241-62 
2-70 


238-92 


TotaX  prodMce      ^  Fresh  produce 
{grain  ami  ttraw)t  <  Dry  matter  . .. 
per  aere^  lbs.       [  Nitrogen 


4746 
3836 
37-8 


6097 
4211 
38*2 


5106 
4238 
42-4 


5143 
4373 
89-9 


5173 
4271 
42-0 


4492 
3620 
36-7 


7125 
6076 
52-3 


6082 
5102 
54-9 


AshrConttUtunts 
of  total  produce 

(ffrain  and 
»trav)t  per  aaXf 


r  Ferric  oxide 

Lime 

Magnesia..... 

Potash 

Soda 


Phofiphoric  anhydride 
Sulphuric  anhydride . . . 

Chlorine 

Silica 


Total 

Deduct  0  -  CI 


Total. 


1 
7 
5 
33 
0 


•28 
•11 
-02 
'61 
•61 


21-76 

4-86 

3-82 

111-69 


189-14 
0-74 


188*40 


1-65 
9-26 
6-41 
39-43 
1-13 

21*54 

5-94 

4-89 

109-94 


1-39 
9-66 


7 

41 

1 


12 
99 

83 


23-27 

6*62 

6-41 

103-07 


200-09 
1-09 


201-26 
1-45 


199-00 


199-81 


1-08 
8-34 
7-01 
41-98 
1-12 

25-05 

6-l« 

4-88 

U4-86 


210-49 
1-11 


209-38 


1-96 
8  ■65 
6-65 
33-46 
1-32 

21-91 

5-20 

3-72 

146-66 


229-32 
0-84 


228*48 


0-94 
6-34 
4-47 
43*39 
1-04 

20-61 

6-89 

4-86 

113-10 


201-63 
1-08 


200-46 


0-90 
10-96 

8-77 
50-09 

1*08 

29-42 

8-75 

6-01 

115-19 


232-06 
1-36 


230-70 


0-95 
9-50 
7-40 
62-23 
1-40 

30-06 

6-65 

11-98 

151 -37 


280-63 
2-70 


277-88 
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Siraw^  grown  at  Bothamsted^  year  after  year  on  the  same  Land. 

Fresh  Produce,  Dry  Matter,  Nitrogen,  Asli-Coii8titaents,  and  Total  Ash 
Prodnce,  in  sixteen  consecntive  Seasons,  1848-18C3. 


Plot  2. 

— Farmyard  Manure,  every  year. 

1866 

1857 

1858 

1859 

I860 

1861 

1862 

1863 

Average. 

Harvests. 

52-8 
58-6 

77-9 
60-4 

65 -ft 
62-6 

47*1 
56-5 

54*2 
55*5 

71-0 
60-5 

68*3 
61-0 

67-5 
631 

58-6 
60-0 

Orain  to  100  stimw. 

Wt.  per  bushel  of  grain,  lbs. 

1881 
85-6 

2587 
2212 
43-6 

2512 
2099 
40-1 

2263 
1872 
89-1 

1864 
1594 
31*9 

2202 
1864 
86*3 

2447 
2038 
82*0 

2886 
2442 
87*1 

2154 
1804 
38-1 

Fresh  produce. 
Dry  matter. 
Nitrogen. 

0-82 
0-94 
4-86 
10-91 
0-16 

SO -19 

o-ae 
o-os 

0-28 

0-45 
1-24 
5-13 
12*80 
0*83 

22-52 
0-20 

trace 
0-21 

0*39 
1*12 
4*79 
13*68 
0-12 

22-27 
0-82 
0-03 
0-21 

0*31 
0*94 
4-42 
12*31 
0*21 

20-79 
0-20 

trace 
0*31 

0*35 
0*95 
8-48 
11-60 
0*23 

16-96 
0-30 
0*02 
0*44 

0*19 
1*01 
4  13 
13-27 
0*26 

20-60 
0*41 

none 
0*20 

0*31 
1*02 
4*52 
12*98 
0-27 

20-94 
0*21 

none 
0*33 

0*20 
1*06 
5*17 
14*28 
0*30 

23*55 
0*42 

trace 
0*29 

0*30 
0*94 
4*04 
11*45 
0-22 

18*88 
0*27 
0*01 
0*27 

Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhrdride. 
Sulphtuic  anhydride. 
Chlorine. 
Silica. 

87-28 
0-01 

42*88 

42-93 
0*01 

89-49 

34*33 

40*07 

40*58 

45*27 

36*83 

Total. 

Deduct  0  =  CI. 

87-27 

42-88 

42-92 

89*49 

84*83 

40*07 

40*58 

45*27 

36*38 

Total. 

ttl7 
3S67 
18-6 

3828 
2805 
10-9 

3887 
8269 
15-4 

4810 
4078 
16*3 

3440 
2924 
16*4 

3101 
2662 
11-4 

4195 
3519 
13*0 

4279 
3613 
9*0 

8677 
3082 
13*5 

Fresh  produce. 
Dry  matter. 
Nitrogen. 

1-15 

9*88 

3-71 

34-44 

1-25 

8*06 

6-16 

5-38 

167-29 

1-28 
8*35 
2-47 
80-75 
0-68 

6*80 

4-06 

6-14 

95-82 

0-92 
8*46 
8*55 
45 -SO 
1*08 

7*15 

7*47 

10-08 

127-84 

1*55 
11*59 

3*38 
47*35 

1*36 

8*94 

6*19 

7-08 

169-33 

1-93 
7*40 
2-45 
38*63 
1*17 

9-35 

5*88 

4*52 

160*96 

0*44 
6*48 
2*29 
48*89 
1*37 

6-89 

6-68 

9*50 

110-42 

0*91 
7*61 
3*16 
84*23 
1*27 

7*73 

5*39 

4-36 

171-89 

0*42 
8*77 
8*27 
41*68 
none 

7*32 

5-88 

8-37 

158-03 

1*02 
8*19 
8*03 
36*70 
1-00 

7*55 

5*91 

6-34 

132*79 

Ferric  oxide. 

Lime. 

ICagnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
Silica. 

1 

286-82 
1-28 

154-82 
1*37 

212-00 
2*27 

265-77 
1-60 

232*29 
1H>2 

192*96 
2*16 

286*55 
0*98 

233*74 
1*88 

202*53 
1*43 

Total. 

Deduct  0  =  CI. 

285-59 

152-95 

209*73 

254-17 

231-27 

190*80 

285*57 

281-86 

201*10 

Total. 

M68 
49-2 

5910 
6017 
64-5 

6349 
5868 
55*5 

7073 
&945 
55-4 

5804 
4518 
48*3 

5308 
4526 
47-7 

6642 
0557 
45*0 

7165 
6055 
46-1 

5831 
4886 
46*6 

Fresh  produce. 
Dry  matter. 
Nitrogen. 

1-47 
10-32 

8*07 
45-85 

1-41 

28-25 
6-25 
5*41 

167-57 

1*68 
9-59 
7*60 
48-55 
1*01 

27-82 
4*28 
6-14 

95*53 

1-31 
9*58 
8*34 
59-18 
1-15 

29*42 

7-79 

10  11 

128-05 

1*86 
12-53 

7-80 
59-66 

1-67 

29*73 

5*39 

7-08 

169-64 

2*28 
8*35 
5*98 
60*23 
1*40 

26*31 

6*18 

4*54 

161*40 

0-63 
7 '40 
6*42 
62-16 
1-63 

27*49 

7*09 

9-50 

110*62 

1-22 
8*63 
7*68 
47*21 
1*54 

28*67 

5*60 

4*86 

172-22 

0*62 
9-88 
8*44 
55*96 
0*30 

80*87 

6-30 

8*37 

168*82 

1*82 
9  13 
7-07 
48*15 
1*22 

26-88 

6*18 

6*35 

138-06 

Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
Silica. 

- 

1 

274-11 
1-24 

197*20 
1*87 

254*93 
2-28 

295-26 
1*60 

266*62 
102 

283*03 
2*16 

277*13 
0*98 

279*01 
1-88 

238-86 
1*43 

Total. 

Deduct  0  a  CI. 

272-86 

195-88 

252-65 

298*66 

266*60 

280*87 

276*15 

277-13 

237*43 

Total. 

1 
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LAWES  AND  GILBERT  ON  THE  COMPOSITION  OF  THE 


Composition  of  the  Ash  of  Wheat*  Orain^  and  of  Wheat' 

Appendix- Table  VIIL — (General  Characters  of  the  Produce,  and  Qnantities  of 

(pare),  per  Acre^  in  Grauif  Straw,  and  Total  Pro- 

Flot  3. — Unmanuredj  every  year. 


HaryeitB. 


Grain  to  100  straw    

Weight  per  boahel  of  gnin,  llw. 


1846 


M-6 
57 -S 


1848 


76*1 
61*4 


1860 


M-2 
60*6 


1861 


66-6 
61-1 


1852 


58*9 
56*6 


1868 


25*4 
46*9 


1664 


68*6 

eo-6 


1855 


60*0 
69-2 


iVwf«<MA/«»ii«.  C  Fresh  produce    952 

^2.^y?rf^  ioiy  matter 765 

p^ratre^lbi.      ^Nliogen 16-6 


1229 
1011 
17*6 


1002 
840 
15*4 


1068 
918 
15-2 


660 
710 
14*8 


859 
288 
6-0 


1359 
1151 
22*1 


1072 
909 
19-5 


Atk-eomtUuenU 

of  fpraiHt 

per  aertt  tbi. 


rFerric  oxide 

Lime 

BCagnesia 

Potash 

Soda 


Phoaphoric  anhrdride 
Sulphuric  anhydride.., 

Chlorine 

Silica    


Total    

Deduct  0  =  CI 


Total 


0 
0 
1 
4 
0 

7 
0 


21 
44 

59 
•78 
•10. 

•87 
•12 


trace 
0*21 


15*82 


15*82 


0*20 
0*60 
1-85 
6*72 
0*08 

9*06 

0*85 

trace 

0*14 


19*02 


19*02 


0 
0 
1 
5 
0 


22 

50 
67 
68 
16 


8*42 
0*19 
0*01 
0*19 


16-94 


16-94 


0*18 
0-58 
1*80 
6*16 
0*08 

8-70 
0-20 
0*01 
0*18 


17*74 


17*74 


0' 
0- 

r 

4 

0 

7 
0 
0 
0 


16 
41 
68 
•27 
•09 

•45 

•14 
01 
•19 


14*40 


14-40 


0*09 
0*21 
0*70 
2*41 
0-04 

8*10 
0*16 
0*01 
0*08 


6*80 


6*80 


0 
0 
2 
7 
0 

11 
0 
0 
0 


14 
60 
85 
68 
16 

09 
85 
•01 
•10 


22-48 


22*48 


0*11 
0*49 
1*88 
6-28 
0*09 

9-83 
0-12 
0*01 
0*17 


18*88 


18*38 


per  acre,  {&«.      \Nitt^,jen 


1712 
1387 
7*4 


1614 
1825 
6*5 


1719 
1420 
7*5 


1627 
1872 
7*8 


1597 
1822 
7*6 


1418 
1158 
9*8 


2137 
1780 
6*9 


1787 
1480 
7*1 


AthreonttittienU 

of  <traw. 

per  acre^  the. 


rFerrie  oxide 

Lime    

Magnesia 

Potash 

Soda 


Phosphoric  anhydride 
Soiphnric  anhydride 

Chlorine 

^SUica    


Total    ..  . 
Deduct  0  =  Gl 


■ •■•••« 


Total. 


1*05 
2*61 
2*08 
12-54 
0*82 

8*98 

1*92 

1*84 

68*85 


94*14 
0-80 


98-84 


0 
2 
8 
18 
0 


98 
65 
18 
82 
75 


2*77 

2*64 

1*78 

64*99 


98*46 
0-39 


98*07 


0*47 
2*71 
8*28 
15*11 
0*48 

4*70 

8*11 

2*04 

68*46 


100*38 
0-46 


99*87 


0 
2 
2 


71 
56 
51 


15-12 
0-80 


•82 
■26 
■99 


58-99 


0*96 
2*84 
2*46 

9*82 
0*48 

8*88 
2*21 

1*00 
70*74 


90*25 
0*46 


98*88 
0*28 


89*79 


98*10 


0*67 
8*20 
1*24 
10*82 
0*52 

4*81 

2*41 

0*80 

49*06 


72*52 

0-18 


72*84 


0*45 

4*79 

1*67 

16*41 

0*47 

2*98 

4*88 

2*30 

69*05 


92*45 
0*52 


91*93 


0*52 
2*86 
2*00 
18*01 
0*44 

8*41 

2-72 

8-02 

75-69 


108-67 
0-69 


107*98 


Total  prodnoe      (  Fresh  produce 

{ffroin  and  ttrato)^  <  Dry  matter 

per  acre,  lb$.       (.Nitrogen 


2664 
2152 
24-0 


2848 
2886 
24*0 


2721 
2260 
22*9 


2710  12457 
2285  i2082 
23-0         22*8 


1772 
1441 
15*8 


8496 
2981 
29-0 


2859 
2389 
26*6 


AihreonatihuntM 
qf  total  produce 

(grain  and 
«(raiF),  per  acre. 


(  Ferric  oxide 

Lime 

Magnesia...., 

Potash 

Soda 


Phosphoric  anhydride 
Solpharic  anhydride 

Chlorine  ... 

Silica. 


Total 

Deduct  0  ~  CI 

Total 


1 
3 


26 

05 


3*67 

17-82 

0-42 


11 
2 
1 


80 
04 
84 


68-56 


1*18 
3*25 
5-08 
20*54 
0*83 

11-85 
2*99 
1-73 

65*18 


109-46 
0*80 

109*16 


112*48 
0*89 

112-09 


0-69 
8-21 
4-90 
20-69 
0-64 

13*12 
3-30 
2-05 

68*67 


117-27 
0*46 

116*81 


0*84 
8*09 
4*81 
21*28 
0*88 

13  •62 
8*45 
2*00 

69*12 


107*99 
0*46 

107*58 


1*12 
2*75 
4*18 
14*09 
0*57 

10*76 
2-85 
1-01 

70*93 


107  -78 
0*23 

107-60 


0*76 
3*41 
1-94 
12*78 
0*66 

7*41 

2*57 

0*81 

49*18 


79*82 
0*18 

79-14 


0*59 
6-89 
4-02 
24*09 
0-68 

14*02 
4*73 
2*31 

59*15 


114*98 
0-52 

114*41 


0*6.3 
8 '85 
8-83 
24  "24 
0-53 

12-74 
2-84 
3-03 

75-86 


127 -OS 
0-69 

126-86 
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Stram^  grown  at  Boihamsted^  year  after  year  on  th^  same  Land. 

Treab  Frodace,  Dry  Matter,  Nitrogen,  Asb-Constitaents,  and  Total  Ash 
daoe,  in  sixteen  isonsecatiye  Seasons,  1848-1863. 

Plot  3. — TTnmanured,  every  year. 


IS66 

1857 

1866 

1890 

1860 

1861 

1862 

1863 

Avenge. 

HurestB. 

67*3 
64*3 

78-3 
58-3 

68*3 
60*4 

48*3 
52*5 

60*6 
52*6 

58*7 
57*4 

58*2 
67*8 

70*4 
62*7 

59*5 
67*4 

Grain  to  100  Btimw. 

Wt.  per  bniliel  of  gnln,  lbs. 

♦ 

«2 

733 
14-0 

1236 
1049 
'20*0 

1141 
953 
17-7 

1051 
866 
17*0 

738 
613 
11*8 

736 
626 
12*8 

996 
820 
14*4 

1127 

AAa 

15*6 

990 
826 
15*7 

Fresh  produoe. 
Dry  matter. 
NiKTOgen. 

0*13 
0*38 
1*61 
4*67 
0*10 

7*85 

0*16 

Dace 

0-15 

0*22 
0*68 
2*18 
6*46 
0*09 

10*09 
0-26 
0*01 
0*20 

0-20 
0-63 
2*02 
6-30 
0*09 

9*79 
0*13 
none 
0*19 

0*17 
0*49 
1-98 
6-75 
0*07 

9*11 
0*23 
0-02 
0*19 

0*21 
0*36 
1*21 
4*46 
0*10 

6*29 
0*29 
0*03 
0-32 

0*14 
0*37 
1*31 
4*72 
0*07 

6*61 
0*23 
0*02 
0-34 

0*22 
0*42 
1-70 
5*38 
0*20 

8*26 
0*27 
0-01 
0*19 

0*09 
0*49 
2*01 
5*95 
0*14 

9*49 
0*12 
none 
0*11 

0*16 
0*47 
1*72 
5*46 
0  10 

8*28 
0*21 
0*01 
0*18 

Ferric  oxide. 

Ume. 

Hagneaia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Solphoric  anhydride. 
Chlorine. 
SiUca. 

14 -»5 

20*19 

19*25 

18*01 

13*26 
0*01 

13*71 

16*64 

18*40 

16*59 

Total. 
Deduct  0  =  CI. 

14-95 

20*19 

19*25 

18*01 

13*26 

13*71 

16-64 

18*40 

16-59 

Total. 

1 

1668 
1312 
5*4 

1577 
1331 
6*0 

1670 
1426 
6*4 

2175 
1838 
9*4 

1469 
1248 
7-2 

1254 
1070 
6*7 

1713 
1432 
6*3 

1600 
1346 
4*4 

1663 
1390 
7*0 

Fresh  produce. 
Dry  matter. 
Nitrogen. 

1 

0*90 
3*54 
1*30 
9*18 
0*46 

3*08 

2*44 

1-18 

bi'2S 

1-05 
1-86 
2*24 
9*67 
1*35 

2*25 

1*76 

1*39 

42*86 

0*53 
4*82 
1*72 
18*67 
0*49 

2-38 

3*49 

2*06 

60*35 

0*90 
5*96 
1*66 
12*84 
0*62 

3*58 

3*35 

1*37 

68*04 

1*37 
4*26 
1*08 
11*99 
0-35 

3*62 

2*48 

1*19 

77*87 

0*23 
3*14 
1*06 
16*16 
0*26 

2*69 

2*97 

2*84 

46*95 

0*67 
3*70 
1-28 
10*78 
0-36 

3-02 

2*69 

1*19 

76*30 

0*32 
4*20 
1*42 
12*47 
0*24 

3*03 

2*74 

1-96 

69*83 

0*73 
3*45 
1*88 
12*93 
0*49 

3*36 

2*78 

1*68 

62*65 

Ferric  <»ide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
SiUca. 

n-23 

0-26 

64*41 
0*31 

79*51 
0*46 

98*21 
0*31 

104*21 
0*26 

73*79 
0*63 

98*88 
0*28 

96*21 
0*44 

89*85 
0*38 

Deduct  0  =  CI. 

16 -97 

64-10 

79*06 

97-90 

103*96 

73*26 

98*60 

95*77 

88*47 

Total. 

2IB0 
3M6 
19*4 

2813 
2880 
26*0 

2811 
2379 
24*1 

3226 
2704 
26*4 

2197 
1861 
19*0 

1990 
1696 
19*5 

2709 
2262 
20*7 

2727 
2291 
20*0 

2663 
2216 
22-7 

Fresh  produce. 
Dry  matter. 
Nitrogen. 

1*03 
8-92 
2*91 
13*70 
0*66 

>   10*93 
2*60 
1*13 

66*40 

1*27 
2*64 
4*42 
16*13 
1*44 

12-34 
2*01 
1*40 

43*05 

0*73 
5*35 
3*74 
19*97 
0*58 

12*17 
3*62 
2*06 

50*54 

1*07 
6*44 
3*64 
18*69 
0*69 

12*69 
3*68 
1*39 

68*23 

1*58 
4-62 
2-29 
16-44 
0*46 

9*91 

2-77 

I  *22 

78*19 

0*37 
3*61 
2*37 
19*87 
0*83 

9*20 

3*20 

2*36 

46*29 

0*89 
4*12 
2-98 
16*16 
0*66 

11*27 
2-86 
1*20 

76*40 

0*41 
4*69 
3*43 
18*42 
0*38 

12*52 
2*86 
1*96 

69*94 

0*89 
3-92 
3*60 
18-39 
0*69 

11*64 
2*99 
1*69 

62-73 

Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
Silica. 

92-18 
0*26 

84-60 
0*31 

98*76 
0*46 

116*22 
0*31 

117*47 
0*27 

87*60 
0*63 

116*62 
0*28 

114*61 
0*44 

106*44 
0-38 

Total. 

Deduct  0  =  CI. 

91-92 

• 

84*29 

98*30 

116*91 

117*20 

86*97 

116*24 

114-17 

106*06 

Total. 
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Composition  of  the  Ash  of  Wheat-Orain,  and  of  Wheats 

Appendix-Tahle  IX. — General  Characters  of  the  Produce,  and  Quantities  of 

(pure),  per  Acre,  in  Grain,  Straw,  and  Total  Produce, 
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Plot  10a. — Ammofivum' Salts  alone^  every  year. 

Hai 

Tests '. 

1848 

1849 

1850 

1851 

1862 

1863 

1854 

1866 

Grain  to  100  straw 
Weight  per  boahel 

of  irrain,  lbs 

56-8 
68-1 

75-1 
62*3 

65*7 
60*2 

64*0 
61*9 

47*3 
65*9 

81*3 
48-6 

61*5 
00-5 

51*2 
67*1 

Prodtue  ofgrain^ 
per  acrt^  lbs. 

C  Fresh  produce    

<  Diy  mattflf 

1384 

1088 
26-2 

2141 
1771 
84-5 

1721 
1451 
30*9 

1966 
1661 
35*7 

1320 
1106 
27*4 

642 
617 
12*6 

2211 
1877 
43*2 

1286 
1082 
26-0 

I  NitTOffen 

fFeirlc  oxide   

0-22 
0-68 
2-29 
6-48 
017 

10*86 
0-17 

trace 
0-80 

0-28 
1-02 
8-04 
10-51 
0-13 

18-56 
0-80 
0-01 
0*25 

0-21 
0*98 
2-89 
8-96 
0-08 

18-80 
0-42 
0-01 
0-16 

a 

0-25 
1-05 
8-20 
9-79 
0*20 

14-88 
0-44 
0*01 
0*19 

0*13 
0-71 
2*57 
5-69 
0-10 

10-72 
0-18 

trace 
0-21 

0-12 
0-88 
0-95 
3-66 
0*08 

4*56 
0-25 
0-02 
0*19 

0-25 
1-09 
3-28 
11*54 
0-17 

14*87 
0*72 
015 
0*23 

0*15 
0*74 
2*14 
7*14 
0*07 

0*80 
0*88 
0*06 
0*20 

Lime    

Mafimesia    

Potash 

A»hreon$titwnt$ 

Soda 

of  ffrainj 
per  aeret  Ibi, 

Phosphoric  anhydride 
Sulphuric  anhydride... 
Chlorine  

Silica 

Total    

21-17 

29-55 

27-01 

30-01 

20-26 

10*21 

32-80 
0-03 

20*63 
0*01 

Deduct  0  -  CI  ... 
Total    

21*17 

29*55 

27*01 

80-01 

20*26 

10-21 

82-27 

20*62 

Produce  of  strata 
per  acrtf  lbs. 

C  Fresh  produce    

<  Dry  matter 

2367 
1960 
16-1 

2851 
2392 
20-3 

8089 
2647 
20-6 

3070 
2606 
19-8 

2787 
2322 
20-7 

2049 
1658 
21-4 

3997 
3082 
17-0 

2612 
2087 
12*9 

Nitroiren 

rFenic  oxide   

0-60 
5*54 
1-52 
14-50 
0*79 

3-44 

3-28 

2-03 

75-28 

1*08 
9-76 
3-02 
20*63 
2-56 

3-78 

4*95 

4-60 

90-00 

0*61 
8-68 
3-06 
24-44 
2-41 

4*87 

5-83 

5-25 

86-24 

0-74 
8-41 
8-33 
24*07 
2*09 

6-12 

4*63 

5-82 

88*31 

0-98 
7*27 
2-09 
13-68 
1*71 

8*26 

3*81 

2-01 

96*11 

1*16 
4*76 
1-29 
16-40 
0-85 

4*21 

3-15 

2-44 

68*39 

0-62 
7*84 
2*89 
82*22 
0-71 

2*95 

6*56 

6*96 

79-10 

0*84 
6*46 
1*48 
26*80 
1*01 

2*45 

5*25 

5-30 

71*16 

Lime 

Maimesia    

Potash 

AshrnonatituenU 

Soda 

of  •trate,       i 
per  acre,  tbs* 

Phosphoric  anhydride 
Sidphnric  anhydride... 
Chlorine 

l^Silica    

Total    

106*98 
0*46 

140-38 
1-04 

141-39 
1-J7 

142-52 
1-32 

130-42 
0-46 

97*65 
0-55 

189*25 
1*57 

118-25 
1-19 

Deduct  0~  CI  ... 
Total    

106-52 

139-84 

140*22 

141-20 

129*96 

97*10 

137*68 

117*06 

ToUU  produce 
iffrain  and  etraw] 
per  acre,  lbs. 

Fresh  produce   

>.  <  Drp  matter 

8701 
8048 
42*8 

4992    ' 
4163 
54-8 

4810 
4098 
51-5 

5036 
4267 
55*0 

4107 
8428 
48-1 

2691 
2175 
84*0 

5808 
4909 
60*2 

8797 
3169 
88-9 

Nitrogen 

rFerric  oxide  

0-82 
6-22 
8-81 
20-98 
0-96 

14-30 
3-45 
2-03 

75*58 

1-31 
10-78 

6-06 
81-14 

2-69 

17-84 
5-75 
4-61 

90-25 

0-82 
9-66 
5-95 
38-40 
2-49 

18*17 
6-25 
5-26 

86*40 

0-99 
9-46 
6-58 
33-86 
2-29 

20*00 
5*07 
5*83 

88-50 

1-11 
7-98 
4-66 
19-37 
1-81 

13*98 
3-44 
2-01 

96*82 

1*28 
6-14 
2-24 
20-06 
0-93 

8*77 

3-40 

2-46 

68-68 

0-77 
8-93 
6-67 
43*76 
0*88 

17*82 
7*28 
7-11 

79*83 

0*49 
6-20 
8-62 
82*94 
1*08 

12*26 
6-58 
5-36 

71-86 

Ume...,..T...r.-,T---r,"". 

Aik-congtituenU 

Uagnesia 

Potash 

cf  total  produce 

Soda  .........t...^....r.,... 

drrainand     * 
.straw),  per  acre. 

Phosphoric  anhydride 
Sulphuric  anhydride... 
Chlorine 

Silica    

Total 

128-15 
0-46 

169-98 
1-04 

168-40 
1-17 

172-53 
1-82 

150-68 
0-46 

107*86 
0-55 

171-55 
1*60 

138-88 
1-20 

Deduct  0  =  CI  ... 
Total 

127-69 

168-89 

167-23 

171-21 

150-22 

107*81 

169*95 

137-68 

• 
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grotm  at  Rothamsted^  year  after  year  on  the  same  Land. 

Fresh  Produce,   Dry  Matter,  Nitrogen,   Ash- Constituents,   and  Total    Ash 
in  sixteen  consecutive  Seasons,  1848—1863. 

Plot  10a. — Ammonium- Salts  alone,  every  year. 


^^^ 

1896 

1867 

1868 

1869 

1860 

1861 

1862 

1863 

Average. 

Harvests. 

»*4 

»-6 

76-9 
68-0 

67-6 
60-6 

44-2 
61-6 

40-9 
49-6 

44-2 
66-0 

66-2 
66-6 

74-3 
62-6 

67-2 
67-1 

Grain  to  100  straw. 

Wt.  per  bushel  of  jcrain,  lbs. 

t 

19G5 
I2H 
28-2 

1816 
1642 
821 

1439 
1208 
26-9 

1207 
994 
22-9 

906 
770 
17-2 

864 
726 
16-1 

1467 
1217 
23-0 

2687 
2194 
37-3 

1624 
1279 
27-6 

Fresh  produce. 
Dry  matter. 
Nitrogen. 

0-14 

0-84 
2-67 
7-44 
0*09 

11-69 
0-23 

none 
0-28 

0-32 
1-11 
2-94 
7-96 
0*10 

11-84 
0-53 
0-03 
0*38 

0-14 
0-93 
2-41 
7-68 
0-09 

10-69 
0-63 
0-13 
0-23 

0-18 
0-67 
2-08 
6-06 
0-14 

8-73 
0-44 
0-01 
0-22 

0-30 
0-66 
1-49 
6-68 
0-10 

7-07 
0-68 
0-14 
0-43 

0-10 
0-61 
1-46 
6-16 
0-07 

6-48 
0-38 
0-17 
0-26 

0-24 
0-80 
2-41 
7-66 
0-21 

9-94 
0-66 
0-16 
0-40 

0-21 
1-32 
3-83 
11-78 
0-19 

16-76 
0-81 
0-07 
0-29 

0-20 
0-84 
2-48 
7-70 
0-12 

10-92 
0-47 
0-06 
0-26 

Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
S|lica. 

23-36 

25-21 
0-01 

22-93 
0-03 

18-62 

16-36 
0*03 

14-67 
0-04 

22-46 
0-03 

34-26 
0-02 

23-06 
0-01 

Total. 
Deduct  0  =  CI. 

a -16 

26-20 

22-90 

18-62 

16-32 

14-63 

22-43 

34-24 

23-04 

Total. 

.2818 
'2347 

i  11-7 

4 

2392 
2033 
11-4 

^130 
1819 
11-6 

2730 
2327 
14-9 

2213 
1876 
10-3 

1930 
1636 
11-6 

2693 
2162 
12-6 

3481 
2930 
10-3 

2663 
2240 
16-1 

Fresh  produce. 
Dry  matter. 
Nitrogen. 

0*76 
»-98 
1-30 
U-00 
1*84 

3*6R 

4-28 

1-71 

71-39 

0-86 
6-30 
1  -62 
1417 
0-66 

2-42 

3-43 

2-21 

49-89 

0-47 
7-26 
2-06 
14-66 
0-97 

2-64 

6-66 

2-38 

47-60 

0-90 

8-36 

2-02 

18-26 

1-88 

3-64 

4-63 

1-77 

63-88 

1-66 
6-03 
1-71 
23-31 
0-19 

6-80 

4-49 

2-34 

106-95 

0*19 
6-49 
1-86 
21  -66 
1-77 

2-83 

4-76 

3-74 

66-12 

0-63 
6-81 
2-42 
16-09 
1-20 

3-96 

4-06 

1-99 

81-27 

0-36 
10-96 

2-76 
22-67 

0-83 

2-73 

613 

6-62 

107-67 

0-73 
7-12 
2-11 
19-62 
1-34 

3-66 

4-70 

3-61 

77-27 

Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhydride. 
Sulphuric  anhydride. 
Chlorine. 
Silica. 

!  W7-84 
,     0-39 

81-44 
0-60 

84-46 
0-64 

100-12 
0-40 

162-17 
0-63 

98-41 
0-84 

118-32 
0-46 

169-60 
1-27 

119-96 
0-79 

Total. 

Deduct  0  =  01. 

107-46 

80-94 

83-92 

99-72 

161-64 

97-67 

117-87 

168-33 

119*16 

Total. 

413 

3SI1 

4208 
3676 
43 -» 

3669         3937 
9027         3321 
38-4        37*8 

3118 
2646 
27-6 

2784 
2360 
26-7 

4060 
3379 
36*5 

6068 
6124 
47-6 

4187 
8619 
42-6 

Frpsh  produce. 
Dry  matter. 
Nitrogen. 

0-90 

1-82 

a-97 

S-44 

1-93 

15-27 
4-51 
1-71 

7|-$A 

1-17 
7-41 
4-46 
22-13 
0-76 

14-26 
3-96 
2-24 

50-27 

0-61 
8-18 
4-46 
22-23 
1-06 

13-38 

7-18 

2-61 

47-83 

1-08 
9-02 
4-10 
19-30 
2-02 

12-27 
4-97 
1-78 

64-10 

1-96 
6-59 
8-20 
28-99 
0-29 

13-67 

6-07 

2-48 

107-38 

0-29 

6-00 

3-31 

26-81 

}:84 

9-31 
6-14 

3-91 

66-^? 

0-77 
7-61 
4-83 
23-76 
1-41 

18-89 
4-71 
2-14 

81-67 

0-66 
12-27 

6-88 
34-36 

1-02 

18-49 

6-94 

6-60 

107-96 

0-93 
7-96 
4*69 
27-22 
1-46 

14-67 
6-17 
3-67 

77-63 

Ferric  oxide. 

Lime. 

Mat-ncsia. 

Potash, 

Soda. 

Phosphoric  anhydr  ('c. 
Sulphuric  anhydride. 
Chlorine. 
Silica. 

iUl-20 
0-39 

106-66 
0-61 

107-39 
0-67 

118-64 
0-40 

168*62 
0-66 

112-98 
0-88 

140-78 
0-48 

193-86 
1-29 

143-00 
0-80 

Total. 

Deduct  ('  =  CL 

130-81 

106-14 

106*82 

118-24 

167-96 

112-10 

140-30 

192-67 

142-20 

Total. 

"*• 
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100  LA  WES  AND  GILBERT  ON  THE  COMPOSITION  OF  THE 

Composition  of  the  Ash  of  WheaUOraiuy  and  of  Wheat- 

Appendix-Table  XIII. — General  Characters  of  tlie  Produce,  and  Percentage 
mixed  Samples  of  the  Grain,  and  proportionally  mixed  Samples  of  the 
differently  manured  Plots  in  each  Case. 


Plots  and      / 
manures.      \ 

2. 
Farmyard  manure. 

8. 
Unmannred. 

66. 
MItmI    min 

man. 

76. 
Mixed  min.  and 

10a. 

Amm.  salts 

alone. 

10  years, 
1852-'61. 

10  yean, 
1862-71. 

10  years, 
1852-61. 

10  years, 
1862-71. 

10  years, 
1862-'61. 

10  yean, 

1862-71. 

10  years, 
1852-'61. 

10  years, 
1862-71. 

10  years, 
1882-^61 . 

10  years, 
1862-71. 

Grain  to  100 straw... 
Weight  per  bushel 
of  grain,  lbs. 

66-6 
V  68-8 

62-7 
61*3 

66*8 
65-8 

71-0 
M*9 

fi9'2 
87-2 

67-9 
60-5 

52-7 
57-8 

69-9 
60-7 

62-4 
88*1 

66*3 
89*1 

Composition  of  the  Grainy  per  cent. 


Dry  matter 

Nitrogen    1  in  dry 
Ash  (pure)  j  matter 

Ferric  oxide   

Lime 

Magnesia     

Potash 

boda 

Phosphoric  anhy- 
dride. 

Sulphuric  anhy- 
dride. 

Chlorine  

silica 

Total 

Deduct  0  =  CI 

Total 

Dry  matter 

Kitrogen    )in  dry 
Ash  (pure)  >  matter 

Ferric  oxide   

Lime 

Magnesia    

Potash 

Soda 

Phosphoric  anhy- 
dride. 

Sulphuric  anhy- 
dride. 

Chlorine  

Silica 

Totjih.:.; 

DedaclO='Cl 
Total 


{ 


84-00 
2-08 
2*06 


84-17 
1-84 
1-92 


83-63 

1-98 
2*08 


84-23 
1-70 
2-90 


83-60 
1-98 
2-10 


84-27 
1-71 
2-03 


84 '19 
2-09 
1*99 


84*48 
1-88 
1*89 


84-07 
2-07 
1-88 


85*06 
1*90 
1*72 


Composition  of  the  Grain- Ash  {pure),  per  cent. 


0-88 

2-49 

10-93 

31-69 

0-22 

82-81 

0-88 

0-01 
0-77 


0-48 

2-89 

10-97 

82-20 

0-16 

82-16 

0-89 

0-02 
0-66 


100-00 


100-00 


100-00 


100-00 


0-72 

3-13 

10-44 

33-82 

0-23 

49-88 

1-40 

0-03 
0-71 


100-01 
0-01 


100*00 


0-87 

3-22 

10-62 

33-17 

0-13 

60-30 

1-44 

0-07 
0-60 


100  -02 
0-02 


100-00 


0-63 

2-66 

10-84 

82-34 

0-26 

81-74 

0-82 

0-01 
1-00 


100*00 


100-00 


0-82 

2-82 

10-65 

32-76 

0-10 

60-88 

1-69 

0-02 
0-89 


100  00 


100-00 


0 
2 


71 
79 


10-62 

32-87 

0-20 

80-98 

1-16 

0-01 
0-69 


100-00 


100-00 


0-66 

2-94 

10-71 

83-42 

0-12 

80-14 

1-46 

0-01 
0-64 


100-00 


100*00 


0*73 

3-90 

10-42 

34  01 

0-18 

46*29 

2*84 

0-89 
1-17 


100*13 
0*18 


100*00 


Composition  of  the  Straw,  per  cent. 


0-61 

4*85 

10-89 

84*12 

0*22 

45-79 

8*08 

0-42 
0-66 


100-09 
0*09 


100*00 


{ 


84*03 
0-80 
6-44 


84*08 
0-43 
6-88 


83*96 
0-54 
6-08 


84-47 
0-47 
6-68 


84*09 
0*89 
6*45 


84-26 
0-44 
6-91 


88*76 
0*66 
6-43 


88*92 
0*48 
8*11 


84*01 
0-88 
6-27 


84-58 
0-65 
6*46 


Composition  of  the  Straw- Ash  (pure),  per  cent. 


0*48 
8-96 
1-27 
19-87 
0-11 

8-34 

8-40 

8-30 
65-05 


100-75 
0-78 


0-29 
4-26 
1-45 
19-60 
0*16 

8*48 

2-93 

3-46 
65-22 


100-78 
0-78 


100-00 


100-00 


0*73 
6-08 
1-49 
15-88 
0-32 

8-09 

4-11 

2*01 
67-80 


100-46 
0-46 


100*00 


0*65 
6-12 
1-56 
14-83 
0-21 

8-11 

8-67 

2-26 
69-21 


100*61 
0-51 


100-00 


0  74 
4-00 
1-26 
18-76 
0-14 

8-98 

4*82 

2*43 
64-97 


100-55 
0-55 


100-00 


0*66 
4-20 
1-44 
17-86 
0*21 

4*12 

4*70 

2-46 
64-90 


100-55 
0-56 


100-00 


0-66 
6-16 
1-46 
28-66 
0*23 

2*90 

4*48 

4-56 
68*04 


101  *03 
1*08 


100*00 


0*84 
6-00 
1-83 
24-64 
0-16 

2*98 

4*28 

8-64 
88*40 


101-27 
1*27 


100*00 


0*64 
8*98 
1*68 
18-18 
0-88 

8*08 

6-05 

2-87 
62-48 


0-42 
7-41 
2-02 
14-28 
0-84 

2-79 

4-86 

2-49 

65-50 


100-68 
0-68 


100*66 
0-56 


100*00 


100-00 
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Straw,  gruwii  at  Rothamsted,  year  after  year  on  the  same  Land, 

Compokition  of   the  Ash   (ezclading  Sand   and  Charcoal),  of  proportionally 
Straw,  of   ten  Years,  1852-1861,  and  of  ten    Years,   1862-1871,   from    ten 


106. 

Amin.  tttlta 

akme. 


10  yean^  1 10  yeans 
I'US-'ei. '  1862-71. 


&3-2 
56*3 


66*5 
59-6 


11&. 

Amm.  and 

niperph. 


10  ycnm, 
1852-61. 


55*5 
55*9 


10  yearn, 

1862-71. 


64-5 
58*9 


126. 

Amm.,  superph., 

aiid  Hoda. 


lOyoara, 
1852-61. 


M*6 
58*0 


10  ypare, 
186-2-71. 


63*3 
60-4 


136. 

Amm.,  superph., 

and  pot. 


10  years, 
185-2-61. 


53*9 
58-3 


lOyearK, 

1862-71. 


59*9 
61*2 


146. 

Amm.,   superph., 

and  magn. 


10  yeaw, 
1852-'61. 


63*4 
58*0 


10  years, 
1862-71, 


64-5 
60 


'{ 


1 


Plots  and 
manures. 


Groin  to  100  straw. 
Weight  per  bushel 
of  grain,  lbs. 


Composition  of  the  Chain,  per  cent. 


H8-07 
2-07 
1-*} 

85-11 
1-82 
1-75 

83*96 
2*07 
1*96 

85-00 
1*84 
1*79 

83*86 
2  03 
1*97 

85*07 
1-80 
1-84 

84-10 
1*99 
1*96 

84*88 
1-74 
1*86 

83-93 
2-05 
1-97 

84*91 

1-75 
1-87 

Dry  matter. 
Nitrogen    ^tndry 
A«h(pure)  /matter. 

Composition  of  the  Grain- Ash  {pure),  per  cent. 


I 


0-67 

a -41 

10 -M 

33*92 

0-23 

48*59 

1-69 

0*16 
0-78 


0*56 

4*17 
10-87 
34*12 

0-17 

47-04 

2*26 

0-27 
0-60 


100-08 
0-03 


100-06 
0-06 


100*00 


100-00 


0*61 

3-87 

10*52 

31*73 

0-11 

60*76 

1*56 

0*01 
0*83 


100*00 


100-00 


0-46 

4-31 

10-59 

32-10 

0-26 

49-67 

1*91 

0*18 
0-56 


100-04 
0*04 


100*00 


0*56 

2*97 

10-57 

32*77 

0-19 

50-96 

1-37 

0  01 
0*60 


100-00 


100-00 


0-52 

3-57 

10-61 

33  -33 

0-20 

50*01 

1-18 

0-01 
0-57 

100-00 


100-00 


0-66 

2-88 

10-50 

32-93 

0*14 

51*46 

0-71 

0*01 
0*71 


100-00 


100-00 


0*62 

2-96 

10*54 

33-52 

0*14 

50-18 

1-43 

0-01 
0-60 

100-00 


100-00 


0*72 

2-87 

10-70 

32-57 

0*18 

51-55 

0-73 

0-01 
0-67 


100-00 


100-00 


0-53 

3-41 

10*95 

33*06 

0*10 

50*30 

1*00 

0*01 
0-64 


100-00 


100-00 


Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhy- 
dride. 

Sulphuric  anhy- 
dride. 

Chlorine. 

SiUca. 

Total. 

Deduct  0  =  CI. 

Total. 


Composition  of  the  Straw y  per  cent. 


83-82 

84*53 

84-08 

83-88 

83*61 

84*27 

83-37 

84-12 

83-97 

84-03 

0-56 

0-56 

0-57 

0-58 

0-49 

0-42 

0-49 

0-48 

0-53 

0-46 

6*11 

6*08 

5*41 

6-24 

5*25 

5-32 

5  36 

5*32 

5-31 

5-15 

Dry  matter. 
Nitrogen   ")  in  dry 
ABh(pun') }  matter. 


Composition  of  the  Straw -Ash  (pure),  per  cent. 


0*84 
5*92 
1-65 
19*39 
0-68 

2-97 

4-58 

8-18 
61*61 


100-72 
0-72 


100*00 


0*43 
8*02 
2-24 
14-81 
109 

2-W 

4-40 

3-30 
63-90 


100-74 
0-74 


100-03 


0-58 
5-94 
1-63 
14*77 
1-06 

3-39 

4-35 

2-45 
66*39 


100*56 
0*56 


100*00 


0-46 
8-56 
2-26 
14-08 
1-96 

3-63 

4-63 

8-75 
61  -51 


100-84 
0-84 


100-00 


0-52 
5-29 
1-46 
20-05 
0-53 

3-24 

4-46 

3-68 
61-67 


100-80 
0-80 


100*00 


0-39 
7-27 
1*93 
IT -20 
1-11 

3-14 

4*07 

3-73 
62-00 


100-84 
0-8* 


100*00 


0*50 
6-22 
1-38 
24-10 
0*21 

2*98 

4*55 

,1^4-75 
"157  -39 


101-08 
1*08 


100*00 


0-32 
5-91 
1-66 
25-00 
0-06 

2-97 

3-89 

5-69 
55  -79 


101*29 
1*29 


100-00 


0*48 
5  -27 
1-55 
21-96 
0-32 

2-85 

4*60 

4-29 
59  -66 


100-97 
0*97 


100*00 


0*41 
6-90 
2-18 
18-54 
0-73 

3-24 

4*16 

4-05 
60-70 


100-91 
0-91 


100-00 


Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosphoric  anhy- 
dride. 

Sulphuric  anhy- 
dride. 

Oilorinc. 

Silica. 

Total. 

Deduct  O  -  CI. 

Total. 


U^ 
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LAWES  AND  GILBERT  ON  THE  COMPOSITION  OF  THE 


Composition  of  the  Ash  of  Wheat-Orain,  and  of  Wheat- 

Appendtx-TaUe  XIV. — General  Characters  of  the  Produce,  and  Amounts  of 
100°  C.),of  proportionally  mixed  Samples  of  the  Grain,  and  proportionally 
1862-1871 ;  from  ten  differently  manured  Plots  in  each  Case. 


Plots  and 
manures 


•■{ 


Gr.  to  100  stw. 

Wt.  per  bofih. 

grain,  lbs. 


2. 

Farmyard  manore. 


10  years, 
1862-^61 . 


66*5 
I  68-8 


10  yearif 
1862-71. 


62-7 
61-8 


3. 

Unmanured. 


lOyeani, 
1862-'61. 


56-8 
55-8 


10  years, 
1862-71. 


71-0 
59-4 


66. 

Ifixedmin. 

man. 


10  years,   10  years, 


1852-'61.   1862-71. 


59-2 
57-2 


67-9 
60-5 


76. 

Mixed  min.  and 

amm. 


10  years. 
1852-'61. 


52*7 
67-8 


10  years, 
1862-71. 


10a. 

Amm.  salts 

alone. 


10  years, 
1862-61. 


69-9 
60-7 


62-4 
55-1 


10  years, 
1862-71. 


66-3 

69-1 


Per  1000  Dry  Matter  of  Grain. 

Fresh  produce 
Nitrogen   

1190 
20-5 

1188 
18*4 

1195 
19*8 

1187 
17-0 

1197 
19*5 

1186 
17-1 

1188 
20*9 

1184 
18-6 

1190 
20*7 

1176 
19*0 

Ferric  oxide ... 

Lame  

Magnesia  

Potash    

O'll 
0-51 
2-25 
6-62 
0*05 
10-87 
0-11 
trace 
0-16 

0-09 
0-50 
2*10 
6-18 
0-03 
10-01 
0-17 
trace 
0-11 

0-15 
0-66 
2-17 
6-98 
0-05 
10-87 
0-29 
trace 
0-15 

0-11 
0-66 
2-11 
6-65 
0-03 
10-07 
0-29 
0-01 
0-12 

0-13 
0-66 
2-21 
6-79 
0*06 
10-86 
0-17 
trace 
0-21 

0-11 
0-67 
2-16 
6-66 
0-02 
10-35 
0-35 
0-01 
0-12 

0-14 
0-65 
2-11 
6-58 
0-04 
10-12 
0-23 
trace 
0-14 

0-11 
0-66 
2-03 
6-33 
0-02 
9-49 
0*28 
trace 
0-12 

0-14 
0-78 
1*96 
6*89 
0-03 
8-70 
0-53 
0-11 
0-22 

0-11 
0-75 
1-88 
6-87 
0-04 
7*89 
0-62 
0-07 
0-11 

• 

Soda   

• 

Phosp.  anhyd. 
Sulph.  anhyd. 

Chlorine    

Silica 

Total    

20-58 

19*19 

20-81 

20*04 

20-99 

20-35 

19-86 

18*94 

18-81 
0-02 

17-24 
0-02 

Deduct  0=a 

Total    

20-68 

19-19 

1      20-81 

20-04 

20  -99 

20-35 

19-86 

18*94 

18-79 

17-22 

Per  1000  Dry  Matter  of  Straic. 


Fresh  produce 
Nitrogen    ...... 

Ferric  oxide ... 

Lime  

Ma^esia  

Potaah    

Soda   

Phosp.  anhyd. 
Sulph.  anhyd. 

Chlorine    

Silica 

Total    

Deduct  0=GI 

Total    


1190 
6-0 


1189 
4-3 


1191 
5-4 


1184 
4-7 


1189 
5-9 


1187 
4-4 


1194 
5-6 


1192 
4*8 


1190 
5*8 


1182 
5*5 


0 
2 
0 

12 
0 
2 
2 
2 

41 


29 
65 
81 
80 
07 
•15 
19 
18 
'91 


64-90 
0*48 


64-42 


0 
2 
0 


19 
78 
95 


12-83 
0-10 


2 
1 
2 


25 
92 
27 


42-71 


66-00 
0-51 


65-49 


1 

2 

1 

41 


0*44 
8-06 
0-91 
9-65 
0-19 
88 
49 
22 
19 


0-43 
3-42 
1-04 
9-91 
0-14 
2-08 
2-89 
1*50 
46-25 


61-03 
0-28 


60-75 


67*16 
0-84 


66-82 


0 
2 
0 


48 
68 
81 


12-09 
0-09 


2 

2 

1 

41 


68 

78 
67 
88 


64-81 
0-36 


64-45 


0 
2 
0 


46 
90 
99 


12-34 
0-14 
2-84 
8-26 
70 
83 


1 
44 


69-44 
0-38 


69-06 


0 
2 
0 


30 
80 
79 


12-84 
0-12 


0-17 
8-06 
0-94 
12-68 
0-08 


1 

2 

2 

81 


67 
43 

48 
50 


1 

2 
2 


52 
19 

88 


28*29 


'84 

•13 

•86 

9-67 

0*45 

•61 

-66 

-51 

32*94 


0' 
3 

0' 


1 

2- 

1 


0*23 
4*04 


1 

7 
0 
1 
2 
1 


10 
76 
46 
52 
66 
36 


35*75 


64*83 
0-56 


54-27 


51-71 
0*66 


51-06 


58-07 
0*34 


54*88 
0*30 


52*78 


64*58 


Per  1000  Dry  Matter  of  Total  Produce  (Grain  and  Straw). 


Fresh  produce 
Nitn^en    

Ferric  oxide  ... 

Lime 

Magnesia  

Potash   

Soda   

Phosp.  anhyd. 
Sulph.  anhyd. 

Chlorine 

SiUca 

Total    

Deduct  0= CI 

Total    


1190 
10-6 


1189 
9 


1193 
10*6 


1185 
9-8 


1192 
10*9 


1187 
9-5 


1192 
10-9 


1189 
9-6 


1190 
10-9 


1180 
10*9 


0 
1 
1 


22 
82 
38 


10-64 
0-06 


■30 
-44 
-36 


26*83 


48-90 
0-81 

48-59 


0 
1 
1 


16 
90 
40 


10-27 
0-07 


5 
1 
1 


24 
26 
89 


26*28 


47-96 
0-31 

47-64 


0 
2 
1 
8 
0 
4 
1 
0 
26 


'34 
•19 
•87 
'68 
14 
•94 
•70 
•78 
•86 


46*49 
0-18 

46-31 


0*30 
2-27 
1-48 
8*66 
0-09 
5-40 
1*62 
0-88 
27-13 


0-36 
1-88 
1-88 
10-12 
0-07 


47-62 
0-20 

47*42 


6 
1 
0 


62 
82 
•99 


26-44 


48-57 
0-22 

48*35 


0-31 
1-96 
1-47 

10-04 
0-09 
5-88 
2-07 
1*01 

26-74 


49-67 
0-22 

49-86 


0-28 
2-02 
1*25 

10-65 
0-09 
4-63 
1-67 
1-62 

20-64 


42  -72 
0-87 

42-85 


0*15 
2*12 
1*86 

10-28 
0*06 
4-52 
1*47 
1*80 

17*69 


39-39 
0-41 

38-98 


0-27 
2-30 
1-24 
8-48 
0-31 
4-04 
1-93 
1*08 
21-69 


0*18 
2*78 
1-41 
7*01 
0*29 
4-07 
1-80 
0*84 
21*49 


41-29 
0-28 

41-06 


39-82 
0*19 

89*68 


ASH  OF  WHEAT-GRAIN  AND  WHEAT-STRAW. 
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Straw,  grown  €U  Bothamsied,  year  after  year  on  the  $ame  Land, 

Nitrogen^  Aflh-Gonstitaeiitfl,  and  Total  Ash  (pure),  per  1000  Dry  Matter  (at 
mixed  Sample  of  the  Straw,  of  ten  Years,  1852-1861,  and  of  ten   Years 


106. 

m.  I 

Alone. 


10  yean, 
1852-^61. 


86*3 


lOyeara^ 

i8ea-7i. 


66*5 
W*6 


lift. 

Amm.  and 

guperph. 


lOycara, 
1852-'61. 


65*5 
»-9 


10  yean, 
18IB-71. 


12ft. 

Amm.,  superplL, 

and  soda. 


10  years, 
186£-'61. 


64*5 
B8-9 


M'6 
68-0 


10  years, 
1862-71. 


63*8 
60-4 


13ft. 

Amm.,  superph., 

and  pot. 


10  years, 
1862-*6i. 


53*9 
08*3 


10  years, 
1862-71. 


59*9 
61-2 


14ft. 

Amm.,  superph., 

andmagn. 


10  years, 
18A2~*61. 


63*4 


10  years, 
1862-71. 


64*6 
60*6^ 


} 


Flotaand 
mamiret. 


Or.tolOOatw. 

Wt.  per  bush. 

gram,  lbs. 


Per  1000  Dry  Matter  of  Qrain. 


\\n 

\\n 

1191 

1177 

1192 

1176 

1189 

1178 

1192 

1177 

Fresh  produce. 

20-7 

18-2 

20*7 

18*4 

20*3 

18*0 

19*9 

17*4 

20-5 

17*6 

Nitrogen. 

0*13 

0-10 

0-12 

0*08 

0*11 

0*09 

0*18 

0*11 

0*14 

0*10 

Ferric  oxide. 

o-« 

0*73 

0*76 

0-77 

0*68 

0*66 

0*56 

0*65 

0*66 

0*64 

Lime. 

1-99 

1-90 

2*06 

1-90 

2*08 

1*96 

2*05 

1*96 

2*11 

2*04 

Magnesia. 

6*38 

6-98 

6-22 

5*76 

6*46 

6*14 

6*43 

6*22 

6*41 

6*16 

Potash. 

0-04 

0-08 

0-02 

0*05 

0-04 

0*04 

0*03 

0*08 

0*04 

0*02 

Soda. 

9*16 

8*24 

9*95 

8*92 

10*06 

9*21 

10*05 

9-31 

10*16 

9*38 

Fhoep.  anhyd. 

O'tZ 

0-39 

0*31 

0*34 

0*27 

0*22 

0*14 

0*27 

0*15 

0*19 

Sulph.  a&hyil « 

0-03 

0-05 

trace 

0*03 

trace 

trace 

trace 

trace 

trace 

trace 

Chlorine. 

0-13 

o-ii 

0*16 

0*10 

0*12 

0*10 

0*14 

0*11 

0*13 

0*12 

Silica. 

18*8ft 

17 -M 

19-60 

17*96 

19*71 

18*42 

19-68 

18*66 

19-69 

18-65 

Total. 

0*01 

0*01 

— 

0*01 

— 

— 

— 

— 

^ 

Deduct  0=C1. 

1B-&4 

17*52 

19*60 

17*94 

19*71 

18*42 

19*53 

18-66 

19*69 

18*65 

TotaL 

Fer  1000  Dry  Matter  of  Straw, 


1198 

1183 

1190 

1192 

1196 

1187 

1200 

1189 

1191 

1190 

Fresh  prodooe. 

6*6 

5-6 

••7 

6*8 

4*9 

4-2 

4*9 

4-8 

6*8 

4*6 

Nitrogen. 

0*43 

0-22 

0*31 

0*24 

0*27 

0-21 

0*26 

0-17 

0-26 

0*21 

Ferric  oxide. 

3-02 

4*08 

3*22 

4*48 

2*78 

3-86 

2*80 

3*15 

2*80 

3*66 

Lime. 

0*84 

1*14 

0*88 

1*18 

0*77 

1-03 

0*74 

0-88 

0-82 

1*18 

MagnesbL 

9*90 

7*53 

8*00 

7*37 

10*54 

9*14 

12*90 

13*29 

11-66 

9*55 

Potash. 

0-30 

0-56 

0-67 

1*03 

0*28 

0*69 

0*11 

0-03 

0-17 

0*37 

Soda. 

1-52 

1*29 

1-84 

1*90 

1-70 

1*66 

1-59 

1*58 

1*61 

1*67 

Phosp.  anhyd. 

t*34 

2-23 

2-35 

2*42 

2*34 

2-17 

2-48 

2-06 

2*45 

2*14 

Sulph.anhyd. 

1-62 

1-67 

1-33 

1*97 

1-88 

1*99 

2-66 

3*08 

2-28 

2*09 

Chlorine. 

31*47 

82*47 

35*94 

82*20 

32*39 

82*96 

30  "70 

29*66 

31*69 

31*28 

Silica. 

51*44 

51-19 

54*44 

62-79 

62*95 

63*61 

64*08 

63*86 

63*63 

52*00 

Total. 

0*86 

0-37 

0-30 

0*44 

0*42 

0*46 

0-58 

0*68 

0*51 

0*47 

Deduct  0«  CI. 

51*66 

60*82 

54*14 

52*35 

62*53 

53*16 

63*60 

53-17 

53*12 

51*53 

Total. 

Per  1000  Dry  Matter  of  Total  Produce  {Qrain  and  Straw). 


1198 

1179 

1191 

1186 

1195 

1183 

1196 

1186 

1191 

II86 

Fresh  proddoe. 

10-8 

10*7 

ll-l 

10*8 

10*3 

9-6 

10*2 

9-5 

10*6 

9-7 

Nitrogen. 

0-8S 

0*17 

0*25 

0*18 

0-22 

0-16 

0*22 

0*16 

0-22 

0-17 

Ferric  oxide. 

2-20 

2*73 

2*34 

3*02 

2*00 

2-61 

2*01 

2*17 

2-02 

2-41 

Lime. 

1-24 

1*45 

1*30 

1*47 

1*23 

1-39 

1-20 

1-29 

1-27 

1-49 

Magnesia. 

8-68 

6*90 

7-36 

6-73 

9*10 

7-97 

10-62 

10*63 

9*83 

8-22 

Potash. 

0-21 

0*35 

0*88 

0*64 

0*19 

0-37 

0*08 

0*08 

0*12 

0*23 

Soda. 

4*17 

4-08 

4-78 

4-67 

4*65 

4-61 

4-57 

4*49 

4-52 

4*71 

Phon>.  anhyd. 
Sulph.anhyd. 

1-64 

1*50 

1-62 

1*60 

1*61 

1-41 

1-62 

1*38 

1*65 

1-37 

1-07 

102 

0-86 

1*20 

1-22 

1-21 

1*65 

1-89 

1*49 

1-^6 

Chlorine. 

2d-ao 

19*47 

23*17 

19-61 

20-99 

20-16 

19-94 

18 -53 

20-71 

18-98 

Silica. 

40-12 

37*67 

42-01 

39*02 

41*21 

39*88 

41*91 

40*56 

41*83 

38-84 

Total. 

0-24 

0*23 

0-19 

0*27 

0*28 

0-27 

0*37 

0*43 

0*34 

0*28 

Deduct  0«C1. 

39*88 

37-44 

41*82 

38*76 

40*93 

39-61 

41*54 

40*13 

41*49 

38*56 

ToUl. 

104 


LAWES  AND  GILBERT  ON  THE  COMPOSITION  OP  THE 


Composition  of  the  Ash  of  Wheat-Grainy  and  of  Wheat- 

Apptmdix-Tahle  XV, — General  Characters  of  the  Produce,  and  Quantities  of  Fresh  Produce, 
mixed  Samples  of  the  Grain,  and  proportionally  mixed  Samples  of  the  Straw,  of  ten  Years, 


Plots  and  1 
maniLres.  j 

2. 
Farmyard  manure. 

8. 

TTrnnaaored. 

66. 

Mixed  min. 

man. 

76. 

Mixed  min.  and 

amm. 

10a. 
Amm.  salts 
alone. 

- 

|10  yeaiv, 
1852--61. 

10  years, 

1862-71. 

10  years, 
1862-'61. 

10  years, 
1862-71. 

10  yearp, 
1852-'61. 

10  years, 
1862-71. 

10  years, 
1852-'61. 

10  years, 
1862-71. 

10  years, 
1852-'61. 

10  years, 
1862-71. 

Gr.  tolOOatw. 

Wt.  per  bush. 

grain,  lbs. 

56-5 
}  68-8 

62 '7 
61-3 

56*8 
65-8 

71-0 
59-4 

89-2 
67-2 

67*9 
60-8 

82-7 
67-8 

69-9 
60-7 

82-4 
66 -1 

66*8 
89*1 

Produce  of  Grain,  per  Acre,  lbs. 


Fresh  produce 
Dry  matter  ... 
Nitrogen   

2148 
1802 
36-9 

2388 
2008 
36*9 

944 
790 
18-6 

881 
742 
12*6 

1163 
972 
19-0 

1007 
849 
14-8 

2163 
1821 
38-1 

2309 
1980 
36-1 

1318 
1108 
22-9 

1888 
1321 
28-1 

Ferric  oxide  ... 
Lime  

0*20 
0-93 
4-05 

11-76 
0*08 

19 '69 
0-20 
trace 
0-29 

0-18 
1-00 
4-23 

12-41 
0-06 

20*10 
0-34 
0-01 
0-21 

0-12 
0-81 
1-72 
6-81 
0-04 
8-19 
0-23 
trace 
0-12 

0-09 
0-48 
1-86 
4-93 
0-02 
7-47 
0-22 
0-01 
0-09 

0-13 
0-84 
2-18 
6-60 
0-08 
10-88 
0-17 
trace 
0-21 

0-09 
0-49 
1-84 
6-66 
0-02 
8-78 
0-30 
trace 
0-10 

0-26 
1-01 
8-84 

11-89 
0-08 

18-42 
0-42 
trace 
0-28 

0-21 
1-09 
8-96 

12-34 
0-04 

18-82 
0-34 
trace 
0-24 

0-16 
0-81 
2-17 
7*08 
0-04 
9-64 
0*89 
0-12 
0*24 

0-14 
0-99 
2-47 
7-76 
0-08 
10-42 
0-69 
0*10 
0-18 

Magnesia  

Potash    

Soda   

Pbosp.  anhyd. 
Sulpn.  anhyd. 
Chlorine 

Silica 

Total    

87-10 

38-84 

16-44 

14-87 

20-40 

17-28 

36-17 

36-94 

20-88 
0-03 

22-77 
0*02 

Deduct  0= CI 

Total    

37-10 

38-84 

16-44 

14-87 

20-40 

17-28 

36-17 

36-94 

20-82 

22-78 

Produce  of  Straw,  per  A  ere,  lbs. 


Fresh  produce 
Dry  matter  ... 
Nitrogen    

Ferric  oxide ... 

Lime  

Magnesia  

Potash    

Soda   

Pbosp.  anhyd. 
Sulph.  anhyd. 

Chlorine    

Sihca 

Total    

Deduct  Os:  CI 

Total    


8796 
3189 
16-9 


8808 
3198 
13*8 


1668 
1396 
7-8 


1241 
1048 
4*9 


1963 
1681 
9*7 


1483 
1249 
6-8 


4104 
3437 
19-2 


8887 
3237 
18-9 


2816 
2114 
12-3 


-2341 
1980 
10*9 


0-91 
8*14 
2-89 
40-82 
0-23 
6*86 
6-99 
6-78 
133-64 


206-96 
1-83 


206*43 


0-60 

8*90 

3-03 

41*06 


32 
19 


0 
7 

6-14 

7-28 

136*60 


211*08 
1*63 


209*48 


0 
4 

1 


62 
27 
27 


13-46 
0-27 
2-62 
8-48 
1-71 

87-80 


88*20 
0-39 


84*81 


0-48 
3  •88 
1-09 
10-38 
0-14 


2 
2 

1 


19 
80 
87 


48*47 


0*79 
4-26 
1-34 

19-96 
0-18 
4*19 
4-89 
2-89 

69-14 


0-87 
8-62 
1-24 
18-41 
0-18 


8 
4 

2 


88 

08 
12 


88-99 


70-37 
0-38 


107  -01 
0*89 


70*02 


106*42 


86*73 
0*48 


86-28 


1-04 
9-62 
2*71 
44*12 
0-42 
6-41 
8-38 
8-62 
108-26 


188-48 
1-92 


186-83 


0*86 

9*92 

3*03 

40-72 


0 
4 

7 


27 
91 
07 


9*33 
91*66 


167  *87 
2*09 


168-28 


0-71 
6*62 
1-81 

20-;£3 
0*98 
3-39 
8-62 
3-20 

69*68 


112*18 
0*72 


111*46 


0*48 
8-00 
2-19 

16-37 
0-91 
3-01 
6-26 
2-69 

70*79 


108*67 
0-61 


108*06 


Total  Produce  (^Grain  and  Straw),  per  Acre,  lbs. 


Fresh  produce 
Dry  matter  ... 
Nitrogen    

Ferric  oxide  ... 

Lime  

Magnesia  

Potash    

Soda    

Phosp.  anhyd. 
Sulph.  anhyd. 

Chlonne 

Silica 

Total    

Deduct  0= CI 

Total    


6940 
4991 
62-8 


6188 
8206 
80*7 


2607 
2186 
23*1 


2122 
1790 
17*8 


3126 
2623 
28*7 


2490 
2098 
20*0 


6267 
8288 
67-8 


6166 
6187 
60*0 


3834 
3222 
38*2 


3894 
3301 
36*0 


1*11 
9-07 
6-64 

82-88 
0-31 

26-48 

7-19 

6-78 

133  -93 


244-06 
1-88 

2-12-83 


0-78 
9-90 
7-26 

68*46 
0*38 

27*29 

6-48 

7-26 

136-81 


249  -62 
1-63 

247*99 


0*74 
4*78 
2*99 

18*97 
0-31 

10-81 
8-71 
1-71 

67-62 


0-64 
4-06 
2*63 

18*31 
0*16 
9*66 
2-72 
1-58 

48-06 


101*64 
0*39 

101*28 


88-24 
0*38 

84*89 


0 
4 

3 


92 
80 
49 


26-86 

0-20 

14-74 


4 
2 


76 

89 


69-38 


127-41 
0-89 

126*82 


0*66 


4 

3 

21 

0 


■11 
•08 
•07 
•20 


12  -33 


4 
2 


35 
12 


66-09 


104-01 
0-4S 

103*63 


1*30 
10*63 

6-88 
66-01 

0-80 
23-83 

8-77 

8-52 
108-61 


224-62 
1-92 

222-70 


0-77 
11-01 

6-99 
63-06 

0-31 
23-43 

7-61 

9-33 
91-80 


204-31 
2-09 

202-22 


0 
7 
8 


87 
43 

98 


27-31 
0-99 

18-03 
6-21 
8-32 

69-89 


133*03 
0*76 

132*28 


0*69 
8*99 
4*66 

28*13 
0-96 

18*43 
5-96 
8*79 

70-94 


131*44 
0*63 

180*81 


ASH  OF  WHEAT-GRAIN  AND  WHEAT-STRAW. 
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StratCy  grown  at  Bothamsted,  year  after  year  on  the  same  Land, 

Dry  Matter,  Nitrogen,  Asli-CoiiBtituents,  and  Total  Ash  (pure),  per  Acre^  of  proportionally 
1852-1861,  and  ten  Tears,  1862-1871,  from  ten  differently  maniued  Plots  in  eacn  Case. 


106. 

Amm.  salts 

■lone. 


lOyetra, 
1852-'61. 


68-2 


10  jean, 

isea-Ti. 


116. 

Amm.  and 

superph. 


10  yean, 
1852-^61. 


86*5 
S9-6 


&5-6 
&5-9 


10  yean, 
1862-'71. 


64-6 
68*9 


126. 

Amm.  superph. 

and  soda. 


10  years, 
1852-'61. 


64*6 
68-0 


10  yeani, 
1862-71. 


63-8 
60-4 


136. 

Amm.  superph. 

and  pot. 


10  years, 
1852-'61. 


63-9 
68-8 


10  years, 
186^-71. 


69*9 
61-2 


146. 

Amm.  superph. 

and  magn. 


10  years, 
1862-'61. 


68-4 
68*0 


10  years, 
1862-71. 


64*6 

60 -el 


1 


Plots  and 
manures. 


Or.  to  100  stw. 
Wt.  per  bush, 
grain,  lbs. 


Frodiice  of  Grain,  per  Acre,  lbs. 


1586 

1707 

1782 

1799 

2101 

2173 

2098 

2306 

2101 

2210 

Fresh  produce. 

laao 

1466 

1496 

1629 

1762 

1848 

1764 

1966 

1763 

1877 

Dry  matter. 

27*6 

26-6 

81-0 

28-1 

36*8 

33*3 

36-1 

34-0 

36*1 

32*8 

Nitrogen. 

0-17 

0-16 

0*18 

0*13 

0*19 

0*18 

0-23 

0*22 

0*26 

0*19 

Ferric  oxide. 

0-85 

1*06 

113 

1-18 

1*03 

1*22 

0*99 

107 

1*00 

1*20 

lime. 

2-66 

2-77 

3*09 

2-90 

3-67 

3*61 

3*62 

8*83 

3*71 

3*83 

Magnesia. 

8-50 

8-70 

9*30 

8*80 

11*39 

11*34 

11*84 

12*17 

11*30 

11*67 

Potash. 

0*06 

0-04 

0*03 

0*07 

0*07 

0-07 

0*04 

0*05 

0*06 

/      0-04 

Soda. 

12*16 

12*00 

14*88 

18*63 

17*70 

17*02 

17*73 

18-21 

17*89 

17*61 

Phosp.  anhyd. 

0*42 

0-68 

0*46 

0*63 

0'47 

0*40 

0*26 

0*62 

0»26 

0-35 

Sulph.  anhyd. 

0-M 

0*07 

trace 

0-06 

trace 

trace 

trace 

trace 

trace 

trace 

Chlorine. 

0*20 

0-16 

0*26 

0-16 

0*21 

0*19 

0-24 

0*22 

0-23 

0*22 

Silica. 

25-07 

26-63 

29*82 

27-46 

34*73 

34-03 

34-44 

36-29 

34-70 

86 '01 

Total. 

0*01 

0-02 

— 

0-01 

— 

— 

— 

— 

— 

— 

Deduct  0=C1. 

26 -06 

25-51 

29-32 

27*44 

34-73 

34*08 

34-44 

36-29 

84*70 

36-01 

Total. 

Produce  of  Straw,  per  Acre,  lbs. 


2M4 

2665 

3209 

2790 

3867 

3431 

3893 

8848 

3937 

3426 

Fresh  produ>.-c 

2501 

2168 

2696 

2340 

3224 

2891 

3246 

8237 

3306 

2878 

Dry  matter. 

14-0 

12-1 

16 '4 

13*6 

15-8 

12*1 

16*9 

16-6 

17*6 

18*2 

Nitrogen. 

1*07 
7*56 
2-11 

24*76 
0-74 
3-80 
6-S6 
4-06 

78*70 


128-65 
0*91 


127*74 


0-47 
8*84 
2-47 

16*82 
1-21 
2*80 
4-84 
8*63 

70-39 


110*97 
0*81 


110-16 


0*84 

8*68 

2*86 

21  '57 


1 
4 


64 
96 


6-34 

3-69 

96-90 


0-66 
10*49 

2*78 
17-24 

2*40 


4 
6 

4 


44 

67 
60 


76-36 


146-78 
0-81 


123-53 
1*03 


146*97       122*60 


0-88 
8-95 
2-48 
33-99 
0*90 


48 
54 


6 
7 

6-05 
104*44 


0-60 
11*17 

2*97 
26-43 


1 
4 

6 
6 


70 
81 
26 
74 


96*29 


170*71 
1-36 


164*97 
1*29 


169-36 


163*68 


2 
41 

0 
6 
7 


0*86 
9*07 
41 
84 
36 
16 
89 


8*27 
99-63 


176*48 
1*87 


173*61 


0 

10 

2 


55 
18 
86 


43-04 
0*11 
6*10 
6-68 
9-81 

96r00 


174 r33 
2-21 


172*12 


0*86 
9*26 
2*78 
88*63 
0*56 
6*00 
8-08 
7*64 
104-76 


0-60 
10-24 

3*24 
27-60 


1 

4 


07 
80 


6*17 

6*00 

90*04 


177-30 
1*70 


176 r60 


149-62 
1'36 


Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phoep.  anhyd. 

Sulph,  anhyd. 

Chlorine. 

SOica. 

Total. 
Deduct  0=C1. 


148*32  I  Total. 


TotaZ  Produce  (Grain  and  Straw) ^  per  Acre,  lbs. 


4S70 

4272 

4991 

4689 

6968 

6604 

6991 

6153 

6038 

6636 

Fresh  produce 

<H31 

3624 

4192 

3869 

4986 

4739 

6009 

6193 

6069 

4755 

Dry  matter. 

41*6 

38*6 

46*4 

41*7 

51*6 

46-4 

61  0 

49*6 

63*6 

46*0 

Nitrogen. 

1*24 
8-41 
4*76 

33-26 
0-80 

15-98 
6.-27 
'4-10 

78-90 


0-62 
9*90 
5*24 

26*02 
1-26 

14-80 
6*42 
3*70 

70-66 


151-72 
0*92 


136-50 
0*83 


80 
1 


1-02 
9-81 
6-45 
87 
57 


19-84 
6*80 


3 

97 


69 
15 


176-10 
0-81 


152-80  I    136*67  I    176*29 


0-69 
11-67 

5-68 
26-04 

2-47 
18*07 

6*20 

4-66 
76-61 


160-98 
1*04 


149-94 


1*07 
9-98 
6-16 

46-38 
0-97 

23-18 

8*01 

6*05 

104-66 


0-78 
12-39 


6 
87 

1 
21 

6 

6 


58 
77 
77 
83 
66 
74 


96-48 


206*44 
1-36 


189-00 
1-29 


204*09       187-71 


1*09 
10*06 

6*03 
63-18 

0*40 
22-88 

8-14 

8-27 
99-87 


209*92 
1-87 


208 -a*) 


0-77 
11*26 

6*69 
56*21 

0-16 
23-31 

7*20 

9*81 
96*22 


1-10 
10-26 

6-44 
49-83 

0-62 
22-89 

8-34 

7-54 
104-99 


210*62 
2-21 


212-00 
1-70 


208-41  I    210*30 


0-79 
11-44 

7*07 
39*07 

1*11 
22-41 

6*52 

6*00 
90-26 


191*67 
1*35 


183*32 


Ferric  oxide. 

Lime. 

Magnesia. 

Potash. 

Soda. 

Phosp.  anhyd. 

Sulph.  anhyd. 

Chlorine. 

Silica. 

Total. 
Deduct  0^  CI. 

Total. 
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REPORT  OF  EXPERIMENTS 


ON  THE 


GROWTH    OF    WHEAT. 


In  the  Journal  of  the  Royal  Agricultural  Society  of  1864  we 
published  an  article  on  the  growth  of  wheat  for  20  years  in 
succession — 1844  to  1863  inclusive — ^upon  the  same  land.  We 
have  now  to  record  the  continuation  of  these  experiments  over 
a  similar  period  of  20  years — 1864  to  1883. 

The  20th  crop  of  the  first  period — ^grown  in  1863— was 
much  the  largest  of  the  whole ;  and,  as  will  be  seen  further  on, 
the  first  crop  of  the  second  period  of  20  years,  grown  in  1864, 
was  also  the  largest  of  the  whole ;  further,  these  two  crops  of 
1863  and  1864  were  larger  than  any  two  crops  grown  during 
any  of  the  other  38  years. 

The  first  period  comprised  a  number  of  seasons  of  great 
abundance:  the  second  period  a  number  of  seasons  of  very 
deficient  yield. 

In  the  first  period  of  20  years  an  artificial  manure  applied 
continuously  to  the  same  plot  (8  A  and  b)  produced  over  the 
last  10  consecutive  years  an  average  of  40|  bushels  per  acre 
per  annum.  In  the  second  period  of  20  years  the  same  plot, 
receiving  exactly  the  same  manure  every  year,  produced  over 
the  last  10  years  of  that  period,  an  average  of  only  32f  bushels, 
equal  an  average  annual  reduction  of  7f  bushels  per  acre  over 
10  consecutive  years  I 

Formerly,  when  the  yield  was  bad,  the  farmer  obtained  com- 
pensation in  the  shape  of  higher  prices  for  his  produce,  but  in 
this  case  the  larger  crops  of  the  first  period  were  sold  at  con- 
sideiably  higher  prices  than  the  smaller  crops  of  the  second 
period.  In  the  first  period  there  was  considerable  agricultural 
prosperity,  while  the  second  period  has  witnessed  a  more  severe 
agricultural  depression  than  any  that  has  occurred  during  the 
present  century. 

An  attempt  to  investigate  the  growth  of  wheat  under  circum- 
stances so  totally  different  from  any  which  have  ever  previously 
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arisen,  could  hardly  be  carried  out  without  the  commission 
of  some  errors  which  experience  would  have  enabled  us  to 
avoid.  We  now  know — if  we  wish  to  advance  beyond  the 
question  of  the  best  manure  to  grow  one  crop  of  wheat — that 
continuity  of  the  same  manuring  is  of  supreme  importance. 
With  the  exception  of  the  plot  receiving  farmyard  dung,  and 
the  unmanured  plot-^neither  of  which  has  been  altered  from 
the  commencement — there  is  no  plot  in  the  field  in  which  some 
change  has  not  taken  place  in  the  manure  applied  during  the 
early  years  of  the  experiment.  But  in  the  autumn  of  1851, 
8  years '  after  the  experiments  were  commenced,  the  manuring 
of  the  field  was  arranged  upon  a  fixed  plan  which — with 
very  slight  changes  in  one  or  two  instances — has  been  con- 
tinued up  to  the  present  time. 

Upon  the  plot  receiving  farmyard  dung,  and  the  unmanured 
land,  no  change  &as  taken  place  during  the  40  years ;  upon  most 
of  the  other  plots,  which  comprise  about  16  experiments,  no 
change  has  taken  place  for  32  years. 

In  our  former  paper  we  devoted  some  time  and  space  to 
the  purpose  of  considering,  and  refuting  the  views  held  by 
Baron  Liebig  with  respect  to  the  growth  of  wheat.  All  con- 
troversy in  regard  to  these  once  celebrated  theories  has  died 
out.  There  is  no  question  at  the  present  time  regarding  the  in* 
gredients  in  which  soils  cropped  repeatedly  with  com  are  gene- 
rally deficient ;  nor  is  there  any  question  as  to  what  substances 
must  be  applied  with  a  view  to  increasing  the  produce.  A 
possession  of  this  knowledge  enables  us  to  forecast  with  some 
degree  of  certainty — subject  of  course  to  the  influence  of  climate 
— what  will  be  the  relative  yield  of  the  various  manures  applied 
to  our  experimental  crops,  for  some  considerable  pericid  in 
advance. 

Coincident  with  an  increase  of  knowledge  in  this  direction  a 
completely  new  branch  of  enquiry  has  sprung  up. 

Analysis  tells  us  that  a  very  considerable  proportion  of  the 
ingredients  we  apply  to  grow  the  crop  is  not  found  in  the 
produce.     What  has  become  of  this  unrecoyered  amount  ? 

Again,  the  greater  part  of  the  crop  consists  of  ingredients 
which  are  not  supplied.  What  is  the  source  of  these  in- 
gredients ? 

The  carbon,  which  is  the  source  of  heat  in  our  fires,  is  taken 
out  of  the  earth  in  the  form  of  coal.  If  we  increase  the  car- 
bon of  our  crops  by  means  of  artificial  manures  which  do 
not  supply  any  carbon,  does  the  increase  come  out  of  the 
soil? 

If  it  does,  the  artificial  manures  will  cease  to  be  effective 
when  all  the  carbon  is  exhausted. 


Experimental  Plots  at  Rothamsted,from  1864  to  1883.         7 

Analyses  of  the  water  passing  through  a  cultivated  field  show 
that  while  one  very  important  and  costly  manure  ingredient  is 
there  in  abundance,  there  are  others  which  are  only  there  in 
ven^  minute  quantities. 

Here,  then,  is  a  large  field  of  investigation  opened. 

The  soil  itself,  without  external  aid  from  fertilising  matter, 
appears  to  be  cajpable  of  producing  much  more  growth  than  it 
was  formerly  credited  with,  and  at  the  present  time,  when  the 
provisions  for  compensation  under  the  Agricultural  Holdings 
Acts  involve  a  distinction  between  the  fertility  which  is  the 
property  of  the  landlord,  and  that  which  belongs  to  the  tenant, 
investigations  which  have  a  direct  bearing  upon  these  questions 
must  be  both  interesting  and  instructive.  While  therefore 
the  previous  paper  dwelt  more  especially  upon  the  influence 
of  the  manure  upon  the  crop,  the  present  article  will  enter 
more  fully  into  the  question  of  what  takes  place  within  the 
soil. 

We  propose  to  follow  the  same  plan  which  was  adopted  on 
the  previous  occasion,  of  giving  a  short  outline  of  the  character 
of  the  weather  of  each  year,  illustrating  its  influence  upon  the 
crop  by  a  selection  of  the  produce  from  plots  that  have  been 
difierently  manured. 

Since  the  publication  of  our  paper  upon  the  growth  of  wheat 
for  20  years  in  succession,  we  have  published  two  articles  in 
this  Journal ;  one,  in  1868,  relating  to  the  average  yield  of  our 
wheat  crops  from  1852  to  1868  ;(jynd  the  other,  in  1880,  under 
the  title  of  "Our  Climate  and  our  Wheat  Crops,"  where  we 
traced  the  character  of  the  climate  of  several  years  in  which  the 
crops  grown  were  remarkable,  either  for  being  very  large,  or 
very  poor  in  their  yield ;  it  will  therefore  be  less  necessary  to 
dwell  at  any  length  upon  the  character  of  the  climate  of  each 
separate  season,  although  the  subject  could  not  very  well  be 
altogether  omitted. 


Twenty 'first  Season^  1863-64. 

October,  November,  and  December  1863,  were  warmer  than 
usual,  with  upon  the  whole  rather  less  than  the  average 
amount  of  rain.  January  and  February  1864,  though  including 
some  abnormally  warm  intervals,  embraced  longer  periods  of 
very  cold  and  wintry  weather,  which  checked  forward  vegeta- 
tion ;  there  was  considerably  less  than  the  average  fall  of  rain  in 
January,  and  a  very  slight  fall,  including  snow,  in  February.  In 
March  the  rainfall  was  large — the  first  half  of  the  month  gene- 
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rally  warm,  the  latter  half  cold — ahd,  upon  the  whole,  the  quarter 
had  been  very  variable,  but  colder  than  usual,  with  many  alterna- 
tions from  frost  to  thaw.  April  and  May  were  for  the  most  part 
warm,  with  less  than  the  average  amount  of  rain  ;  but  the  end 
of  May  and  nearly  the  whole  of  June  were  comparatively  cold, 
with  little  rain.  In  July  and  August  there  was  less  rain  than 
is  usual  in  these  months,  but  an  excess  in  September.  The 
day  temperature  generally  ranged  high  in  July,  but  about  the 
average  in  August  and  September ;  wjbilst  the  night  tempera- 
ture was  somewhat  below  the  average  in  July,  much  below  in 
August,  and  about  the  average  in  September.  In  June  and 
July  the  dew  point  was  below,  and  in  August  very  much  below 
the  average.  The  degree  of  humidity  of  the  air  was  in  June 
low,  in  July  about  the  average,  and  in  August  considerably  below 
the  average. 

Thus  the  winter  was  very  variable,  including  a  good  deal  of 
warm,  but  also  much  very  cold  and  wintry  weather,  though  with 
comparatively  little  rain.  The  spring,  though  changeable  and 
wet  at  the  beginning,  was,  upon  the  whole,  warm  and  dry ;  June 
was  cold  and  dry,  whilst  the  rest  of  the  summer  was  hot  in  the 
day  and  cold  at  night,  with  very  little  rain,  and  in  August 
especially  a  very  dry  atmosphere. 

Table  L — Suumabt  of  the  Eesults  of  the  Twentt-fibst  Sbason, 

1863-64. 


Manures. 
(Quantities  per  Acre.) 

Pr<jduoe  per  Acre,  &c. 

Plots. 

DreAHed  Com. 

Total 
Oorn. 

Straw 

and 

Chaff. 

Quantity. 

Weight 

per 
BuBliel. 

8 

2 
10a 
9b 
5a  &B 

6a&b| 

7a&b[ 

9a    1 

8a  ftsf 

Unmannred         

14  tons  farmyard-mannre 

400  lbs.  ammoninm-salts  alone  =  86  lbs.  N. 
550  lbs.  nitrate  of  soda  alone  =  86  lbs.  N. 

Mixed  mineral  manure  alone 

Mixed  mineral  manure,  and     \ 

200  lbs.  ammonium-salts  —  43  lbs.  N.    ..  / 

Mixed  mineral  manure,  and     \ 

400  lbs.  ammonium-salts  =  86  lbs.  N.    ..  / 

Mixed  mineral  manure,  and     \ 

1  500  lbs.  nitrate  of  soda  =  86  lbs.  N.       ..  / 

Mixed  mineral  manure,  and     \ 

600  lbs.  anunonium-salts  =  129  lbs.  N.  ../ 

bush.  pks. 
16    If 
40    0 

32  Oi 

33  1 
16    3i 

31    Oi 
45    3} 
51    Oi 
49    3i 

lbs. 

620 

62-5 

61-8 

61-7 

620 

62-0 
631 
62-6 
63-5 

Ibe. 
1078 
2595 
2093 
2182 
1087 

1997 
3000 
3330 
3292 

ItM. 

1850 
3893 
2832 
8287 
1376 

3379 
4970 
5985 
5588 

Estimated  average  for  the  United  Kingdom^ 
reckoned  at  61  lbs.  per  bushel / 

35    1 

61 

•• 
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Althongh  the  weather  was  generally  too  hot  and  dry  for  the 
lighter  class  of  soils,  the  crop  was  a  very  large  one  on  those 
of  a  heayier  character.  The  produce  of  the  plot  manured 
with  minerals  and  nitrate  of  soda  exceeded  50  bushels  per 
acre,  and  we  have  therefore  the  remarkable  fact  that,  in  two 
consecutive  years,  a  crop  of  over  50  bushels  per  acre  has  been 
grown  upon  land  which  has  received  only  artificial  manures  for 
more  than  twenty  years. 

Twenty-second  Season,  1864-65. 

After  a  rather  wet  September,  but  a  very  low  aggregate  rain- 
fall during  the  first  9  months  of  the  year,  the  concluding  quarter 
of  1864  was  also  characterised  by  less  rain  than  usual.  The 
deficiency  was  very  considerable  in  October  and  December, 
though  there  was  rather  an  excess  in  November.  As  to  tempe- 
rature, the  period  was  very  variable,  with  a  good  deal  of  cold 
weather.  There  were  occasionally  very  high  winds ;  whilst  the 
degree  of  humidity  of  the  air  was  unusually  low  in  October, 
and  also  somewhat  low  in  November  and  December.  In 
January,  1865,  there  was  a  considerable,  and  in  February  a 
slight  excess,  but  in  March  a  deficiency  of  rain  (including 
snow),  though,  throughout  the  quarter,  the  number  of  rainy 
days  was  small.  Excepting  the  first  half  of  January,  the  greater 
part  of  which  was  warm,  the  quarter  was  almost  throughout 
unusually  stormy  and  cold,  with  a  good  deal  of  snow ;  March  in 
particular  was  generally  exceptionally  cold  and  inclement.  In 
April  and  June  very  little  rain  fell ;  whilst  in  May  and  July 
there  was  an  excess,  and  in  Augpist  a  very  great  excess.  In 
September,  however,  the  rainfall  was  exceptionally  small.  April, 
May,  and  the  beginning  of  June,  were  much  warmer  than 
the  average,  but  the  remainder  of  June  was  variable,  and, 
upon  the  whole,  rather  cold.  The  mean  temperature  of  the 
quarter,  and  especially  of  April,  was,  however,  the  highest  on 
record  for  that  period  of  the  year ;  and  the  air  was  uniformly 
much  drier  than  the  average,  as  the  rain  which  fell  was  not 
mach  distributed,  but  came  for  the  most  part  in  heavy  showers. 
July,  with  an  excess  of  rain,  was  also  warmer  than  usual.  The 
greater  part  of  August  was  not  only  extremely  wet,  but  also 
rather  colder  than  usual ;  whilst  September  was  both  the  driest 
and  hottest  on  record,  and — notwithstanding  the  comparatively 
low  temperature  of  August — the  average  heat  over  the  whole 
period  of  six  months  has  never  been  equalled.  In  each  month 
too  (excepting  August,  when  it  was  very  high)  the  degree  of 
humidity  of  the  air  was  generally  low. 

The  winter  of  1864-5,  though  variable,  was  therefore,  upon 
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the  whole,  very  cold,  stormy,  and  inclement,  and  the  earlj 
spring  was  unusually  cold  and  backward.  Later  in  the  spring 
the  weather  became  very  warm  with  a  dry  atmosphere,  and 
towards  the  end,  some  heavy  rains  fell.  The  combined  condi- 
tions brought  the  crops  very  rapidly  forward.  June  was  also  dry, 
hot  at  the  beginning,  though  afterwards  comparatively  cool ;  July 
was  hot,  with  a  good  deal  of  rain,  but,  upon  the  whole,  a  dry 
atmosphere ;  the  greater  part  of  August  was  cool  and  very  wet,  but 
the  remainder,  and  September,  very  hot  and  dry,  favouring  the 
rapid  completion  of  the  hitherto  much  retarded  harvest  work. 
Thus,  after  a  severe  winter  and  late  spring,  the  growing  period 
was  characterised  by  great  heat,  dryness  of  atmosphere,  and  a 
deficient  amount  and  distribution  of  rain ;  the  ripening  period 
by  an  excess  of  rain,  followed,  however,  by  an  eventually  favour- 
able, though  late  harvest  time. 

Table  II. — Sumhabt  of  the  Bksvlts  of  the  Twentt-sxcomd  Ssasok, 

1864-65. 


Plots. 


3 

2 

10a 

9b 

5a  &B 

6a  &  b| 

7a  ft  B 

9a 

8a  &  b| 


ManoFes. 
(QuuitttleB  per  Acre.) 


Unmannred 

14  tons  farmyard-manure 

400  lbs.  ammonium-salts  alone  =  86  Ibe.  N. 
550  Ibfl.  nitrate  of  soda  alone  =  86  lbs.  N. 
Mixed  mineral  manure  alone    .. 
Mixed  mineral  manure,  and 
200  lbs.  ammonium-ealts  =  43  lbs.  N. 

Mixed  mineral  manure,  and     'V 

400  lbs.  ammonium-salts  =:  86  lbs.  N.     ..J 

Mixed  mineral  manure,  and     ^ 

550  lbs.  nitrate  of  soda  =  86  lbs.  N.       . .  / 

Mixed  mineral  manure,  and     ^ 

600  lbs.  ammonium-salts  =  129  lbs.  K.  . .  | 


::} 


Estimated  average  for  the  United  Kingdom'^   on 
reckoned  at  61  lbs.  per  bushel ]\ 


Produce  per 

Acre,  ftc 

'* 

DreaiedGoni. 

Total 
Corn. 

Stniw 

and 

Cbaff. 

gnantity. 

Weight 

per 
Bnabel. 

bush.pk8 
18     1} 
37    OJ 
25    0$ 
29    2} 
14    01 

lbs. 

60-6 

61-5 

59-6 

59-5 

60-9 

lbs. 

828 
2884 
1649 
2005 

915 

lbs. 
1038 
3100 
2885 
3187 
1176 

24 

81 

60-9 

1605 

2021 

40 

1 

61-6 

2580 

8669 

44 

Oi 

611 

2881 

4682 

43 

2J 

61-4 

28S3 

4600 

80 

2J 

61  0 

•  • 

. . 

The  wheat  crop  of  1865,  although  much  inferior  to  that  of 
the  two  preceding  jears,  was  still  above  the  average.  The 
highest  produce  in  the  field  was  on  the.  Mixed  Mineral  Manure 
and  Nitrate  Plot,  which  yielded  44  bushels  per  acre,  weighing 
61  lbs.  per  bushel.  The  plot  receiving  farmyard  dung  gave 
37  bushels  per  acre,  which  is  considerably  above  the  average 
of  this  plot. 


Exferimenial  Flats  at  Bothamsted^fram  1864  to  1883.       11 

Tieenty'third  Season^  1865-66. 

The  very  warm  and  dry  weather  of  September,  1865,  extended 
through  the  first  week  of  October,  and,  although  there  were  a 
few  cold  intervals,  the  temperatures  of  the  three  conqluding 
months  of  the  year  ruled  higher  than  the  average,  December 
especially  being  unusually  warm.  The  period  included  how- 
ever very  great  fluctuations  in  barometric  pressure,  and  some 
extremely  severe  storms  of  wind;  whilst  m  October  an  ex- 
cessive, in  November  a  full,  but  in  December  a  deficient 
amount  of  rain  fell.  January  and  the  first  half  of  February 
(1866)  were  also  unusually  warm,  though  in  January  there 
was  a  heavy  fall  of  snow,  which  however  rapidly  thawed,  and 
the  whole  period  was  very  wet.  A  cold  and  drier  period  then 
set  in,  and  extended  to  the  mi4dle  of  March,  checking  the 
hitherto  much  too  forward  vegetation.  After  this,  to  the  end  of 
the  quarter,  the  temperatures,  though  variable,  ruled,  upon  the 
whole,  very  high,  and  there  was  a  full  amount  of  rain.  The 
1)eg^nning  of  April  was  cold  and  rather  wet^  and  the  remainder 
considerably  warmer  and  drier  than  the  average.  May  was, 
throughout,  unusually  cold  both  by  day  and  night,  and  there  was 
a  deficiency  of  rain.  June  was  changeable,  but  included  a  good 
deal  of  hot  weather,  which  raised  the  mean  temperature  above 
the  average,  and  during  the  month  a  considerable  excess  of  rain 
fell.  The  beginning  of  July  was  cold  and  wet ;  then  followed  a 
week  of  hot  and  dry  weather,  but,  from  about  the  middle  of  the 
month  to  nearly  the  end  of  September,  the  weather,  with  the 
exception  of  a  few  short  intervals,  was  generally  cold,  with 
a  good  deal  of  rain  and  wind  in  Augpist,  and  an  excessive,  and 
almost  continuous  fall  in  September.  October  was,  however, 
upon  the  whole,  warmer  and  drier  than  usual.  In  June,  July, 
August,  September,  and  October  the  degree  of  humidity  of  the 
air  was  generally  high. 

Thus,  after  a  very  wet  and  comparatively  warm  autumn,  the 
winter  was,  until  the  middle  of  February,  unusually  warm,  with 
a  great  deal  of  rain,  inducing  premature  luxuriance  of  grass  and 
winter  sown  crops ;  then  came  a  month  of  cold  and  dry  weather, 
checking  growth.  The  remainder  of  the  spring  was  at  first  very 
variable,  but  May  was  unusually  cold  and  dry.  The  early 
summer  was  changeable,  but  mostly  warm,  with  a  good  deal  of 
rain ;  and  the  ripening  and  harvest  periods  were  almost  con- 
tinuously  cold  and  rainy,  with  a  moist  atmosphere,  but  with 
occasional  high  and  drying  winds. 

The  wheat  crop  of  1866  was  one  of  inferior  yield  under  all 
the  different  classes  of  manures,  the  highest  produce  of  any  one 
plot  not  reaching  33  bushels  ;  while  the  estimated  yield  of  the 
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crop  of  the  country  was  25  bushels  per  acre,  calculated  upon  a 
a  weight  of  61  lbs. 

Table  III. — Summabt  of  the  Results  of  ihe  Twbntt-thib]>  Season, 

1865-66. 


Manures. 
(QaanUties  per  Acre.) 

Prodaoe  per  Acre,  Ac. 

Ttl^A^ 

DreflaedConx. 

Total 
Corn. 

Straw 
and 

Chaff. 

Plou. 

QoanUty. 

Weight 

per 
BuBheL 

8 
2 

-10a 
9b 
5a  &B 

6a&b| 
7a&b| 
9a    1 
8a  &  b 

Unmannred 

14  tons  farmyard-manure 

400  lbs.  ammonium-salts  alone  =  86  lbs.  N. 
550  lbs., nitrate  of  soda  alone  =  86  lbs.  N. 

Mij^ed  mineral  manure  alone 

Mixeti  mineral  manure,  and     \ 

200  lbs.  ammoninm-salts  =  43  lbs.  N.     . .  / 

Mixed  mineral  manure,  and     \ 

400  lbs.  ammonium-salts  =  86  lbs.  N.    ..  / 

Mixed  mineral  manure,  and     \ 

550  lbs.  nitrate  of  soda  =  86  lbs.  N.       . . 

Mixed  mineral  manure,  and ) 

600  lbs.  ammonium-salts  =  129  lbs.  N.  .. 

bQ8h.pka. 

12  0} 
32    2i 
26    1 
30    3 

13  1 

20    2 
29    3} 
32    2 
32    Oi 

lbs. 

61-3 

61-7 

61-2 

59-9 

60-9 

610 
61-0 
60-6 
60-1 

lbs. 

777 
2070 
1693 
1979 

838 

1294 
1891 
2061 
2054 

lbs. 
1269 
4058 
2792 
4682 
1465 

2248 
3884 
5316 
5312 

Estimated  average  for  the  United  Kingdom'^ 
reckoned  61  lbs.  per  bushel       / 

25    Oi 

61-0 

•  • 

•  ■ 

Twenty-fourth  Season,  1866-67, 

The  concluding  quarter  of  1866  was  generally  warmer  than 
the  average,  though  it  included  some  cold  intervals.  There  was 
somewhat  less  than  the  usual  aggregate  amount  of  rain,  though 
a  good  deal  fell  within  a  short  interval  about  the  middle  of 
November,  causing  floods,  and  hindering  autumn  sowing  in 
some  localities.  In  January,  1867,  the  fluctuations  were  very 
great ;  extreme  cold  and  heavy  falls  of  snow,  alternating  with 
rapid  thaws,  warm  weather,  heavy  gales,  and  a  good  deal  of 
rain.  The  last  week  of  January  and  almost  the  whole  of 
February  were  unusually  warm,  with  a  large  amount  of  rain 
at  the  beginning,  and  a  moderate  quantity  over  the  rest  of  the 
period.  March,  again,  was  almost  to  the  conclusion  very  cold 
and  wintry,  with  a  good  deal  of  snow.  Throughout  the  quarter 
there  was  a  succession  of  gales  and  wind.  Owing  to  the  severe 
weather  of  March,  the  growth  of  winter  sown  crops  was  checked ; 
and  owing  partly  to  the  wet,  and  partly  to  the  frost,  the  pre- 
paration of  the  land  for  spring  sowing  was  much  retarded. 
April,  and  the  beginning  of  May,  were  very  unsettled ;  stormy, 
rainy,  and  changeable  as  to  temperature,  but,  on  the  average. 
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warmer  than  usual.  Later  in  Maj,  besides  some  yerj  warm 
weather,  there  was  a  longer  period  that  was  extremely  cold,  with 
a  dry  atmosphere,  and  frosty  nights,  which  much  checked  vege- 
tation, though,  during  the  month,  there  was  rather  more  than  the 
average  fall  of  rain.  June  was  comparatively  dry,  very  change- 
able as  to  temperature,  but  on  the  average  colder  than  usual. 
The  cold  weather  continued  throughout  July  and  the  beginning 
of  August,  and  the  period  was  generally  sunless  and  cloudy, 
with  an  excess  of  rain  in  July,  which  fell  very  heavily  towards 
the  end  of  the  month.  The  crops  in  consequence  were  much 
laid,  and  in  some  cases  were  inundated.  The  remainder  of 
August,  and  September,  were  much  finer,  and  rather  warmer 
than  the  average,  though  there  was  more  than  the  average  fall 
of  rain,  which  however  was  not  much  distributed,  but  fell  for 
the  most  part  in  considerable  quantities  at  a  time. 

Thus,  the  early  winter  was,  upon  the  whole,  warmer  and  drier 
than  usual ;  then  came  intervals  of  severe  frost,  snow,  and  heavy 
gales,  followed  by  several  weeks  of  very  warm  weather,  with  a 
good  deal  of  rain.  The  early  spring  was  very  wintry  and 
stormy,  and  growth  and  spring  sowing  were  alike  retarded. 
Later  on  the  temperature  was  very  changeable,  being  at  first 
warmer,  afterwards  unseasonably  cold,  and  frequently  stormy 
and  rainy.  The  rest  of  the  growing,  as  well  as  the  early 
ripening  period,  was  changeable,  though  for  the  most  part 
unseasonably  cold,  cloudy,  and  sunless,  with  a  great  deal  of 
rain,  and  occasionally  very  heavy  falls  which  much  laid 
the  crops.  The  harvest-time,  though  late  and  including 
some  heavy  rains,  was  however  upon  the  whole  not  unfa- 
vourable for  the  greater  portion  of  the  Midland,  Southern,  and 
Eastern  districts. 

With  a  wet  autumn,  a  winter  alternately  very  mild  and  very 
severe,  a  spring  with  alternations  of  extreme  heat,  cold,  frost, 
and  wet,  and  a  summer  with  a  good  deal  of  sunless  weather,  and 
occasional  violent  storms  of  wind  and  rain  which  laid  the  crops, 
the  conditions  were  certainly  not  of  a  nature  to  justify  the  ex- 
pectation of  a  productive  harvest.  Yet,  both  before  and  after 
the  favourable  change  at  harvest  time,  some  writers  in  the 
*  Times '  gave  very  sanguine  views  of  the  crops  of  the  country 
at  large.  The  records  in  the  agricultural  papers  were,  however, 
much  less  favourable,  and  the  results  obtained  at  Rothamsted 
led  us  to  the  conclusion  that  the  general  wheat  crop  would  not 
be  less  than  20  per  cent,  below  an  average.  Subsequent 
experience  showed  that  this  unfavourable  estimate  was  only  too 
well  founded. 

After  the  record  of  the  weather  of  1866-7  a  good  wheat  crop 
could  not  be  expected.     Violent  changes  from  heat  to  cold — 
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the  latter  predominating-^accompanied  bj  much  rain,  are  not 
favourable  to  growth. 

Table  IY. — Bumx abt  of  the  Bbsults  of  the  Twsntt-foubth  Skabon, 

1866-67. 


Maanret. 
(QoaaUaes  per  Aon.) 

Produce  per  Acre,  Ac. 

W^l    _  A  — 

DtMsedOom. 

Total 
Com. 

C^^m^m 

PloU. 

Qiumtity. 

Weight 

per 
BnsheL 

otraw 
and 

8 
2 

10a 
9b 
5a  &  B 

6a  &  b| 
7aAb| 

••{ 

8a  A  b/ 

Unmanured 

14  tons  farmyard-mannre 

400  lbs.  ammonitun-Balts  alone  =  861bB.  N. 
550  Ibfl.  nitrate  of  soda  alone  =  86  lbs.  N. 

Mixed  mineral  manure  alone 

Mixed  mineral  mannre,  and      \ 

200  Ibi.  ammonium-salts  =  48  lbs.  N.     . .  / 

Mixed  mineral  manure,  and \ 

400  lbs.  ammonium-salts  =  86  lbs.  N.     .. / 

Mixed  mineral  manure,  and     \ 

550  lbs.  nitmte  of  soda  =  86  Iba.  N.        ..  j 

Mixed  mineral  maniue,  and      \ 

600  Ibd.  aomionium-salts  -  129  lbs.  N.  ..  / 

bnslLpkB. 

8  8} 
27    2J 
18    0} 
22    (»i 

9  1 

15    8 

22    0{ 
29    Oi 
80    If 

lbs. 

561 

61-4 

57-9 

57-4 

59*4 

60-5 
61  0 
59-9 
60-7 

lbs. 

582 
1755 
1128 
1892 

580 

1008 
1417 
1855 
1952 

Ite. 

978 
8186 
2023 
8246 
1088 

1728 

2762 
4918 
4196 

I 

Bstimated  arerage  for  the  United  Kingdom^ 
reckoned  at  61  Ibst  per  bushel / 

21    0 

61  0 

•  • 

•• 

We  had,  both  on  the  unmanured  plot,  and  on  all  the  other 
plots,  no  matter  what  description  of  manure  had  been  applied, 
a  low  yield.  The  unmanured  produce  was  less  than  9  bushels 
per  acre,  and,  except  in  the  spring  sown  crop  of  1853,  no  such 
low  produce  has  been  obtained.  The  highest  produce  in  the 
field  was  below  31  bushels,  and  the  average  jield  of  the  crop 
of  the  country  was  estimated  at  21  bushels,  of  the  calculated 
weight  of  61  lbs. 


Twentrj-ffih  Season^  1867-68. 

October,  1867,  was  very  variable  as  to  temperature,  upon 
the  whole  colder  than  usual,  with  comparatively  little  rain,  but 
occasional  high  winds.  There  was  unusually  little  rain  in 
November,  and  the  weather  was  for  the  most  part  clear  but  cold, 
and  very  favourable  for  working  the  land  and  sowing.  December 
was  characterised  by  great  and  rapid  variations  of  temperature 
and  barometric  pressure,  with  some  extremely  heavy  gales ; 
occasionally  frost,  snow,  and  sleet,  at  other  times  very  warm 
weather ;  in  the  aggregate  there  was  a  full  amount  of  rain,  and 
throughout  the  month  agricultural  operations  were  much  im- 
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peded.  The  first  eleven  dajs  of  January,  1868,  were  very  cold ; 
bat  from  that  time  to  the  end  of  the  quarter  (indeed  to  the  end 
of  the  summer),  the  weather  was  unusually  warm.  There  was 
a  considerable  excess  of  rain,  and  there  were  several  gales  of 
wind  in  January ;  but  only  a  moderate  amount  of  rain  fell  in 
February  and  March.  In  these  months  vegetation  became  very 
forward,  and  the  weather  was  generally  favourable  for  working 
the  land  and  for  spring  sowing.  April,  May,  and  June,  again, 
were  all  considerably  warmer  than  the  average.  The  average 
temperature  of  April  had,  however,  frequently,  and  that  of  each  of 
the  other  months  occasionally  been  exceeded  in  the  corresponding 
months  of  other  years ;  but  the  average  temperature  of  the  three 
months  t<^ther  had  only  once  been  exceeded  in  any  corre- 
sponding three  months  for  98  years  (the  period  for  which 
records  are  available),  namely,  in  1865,  when,  though  April 
was  hotter.  May  and  June  were  not  quite  so  hot  as  in  1868. 
The  average  temperature  of  the  whole  period,  from  the 
middle  of  January  to  the  end  of  June,  was  only  exceeded  in 
1822.  Concurrently  with  this  long  continued  warm  weather, 
there  was  a  great  excess  of  rain  in  January,  and  only  a 
moderate  amount  in  February  and  March ;  there  was  a  small 
excess  in  April,  a  deficiency  in  May,  and  a  very  great  de- 
ficiency in  June.  Temperatures  in  excess  of  the  average  also 
prevailed  almost  continuously  throughout  the  succeeding  quarter, 
namely,  to  the  end  of  September.  July,  in  particular,  was 
excessively  warm,  with  at  the  same  time  a  great  and  continued 
deficiency  of  rain;  August  was  also  warmer  than  the  average, 
but  with  a  good  deal  of  rain  ;  and  September  was  still  warmer 
than  August,  with  a  deficiency  of  rain.  In  no  year  of  the 
previous  98  had  the  temperature  so  far  exceeded  the  average 
for  so  long  a  corresponding  period,  as  that  from  the  middle 
of  January  to  the  end  of  September  of  this  year,  1868.  The 
total  rainfall  of  the  nine  months  was  not  much  below  the 
average ;  but  the  amount  which  fell  was  excessive  in  January, 
as  also  in  April  and  in  August,  whilst  it  was  deficient  in  each 
of  the  other  months  of  the  period,  and  more  especially  in  those 
of  the  greatest  heat,  namely  May,  June,  and  July.  The  degree 
of  humidity  of  the  atmosphere  was  also  lower  than  the  average 
in  each  of  the  nine  months  from  January  to  September  inclu- 
sive, especially  in  June,  still  lower  in  July,  and  considerably 
lower  in  August  and  September. 

The  characters  of  this  extraordinary  season  may  be  briefly 
sommarised  as  follows : — ^After  a  favourable  autumn  seed  time, 
the  first  half  of  the  winter  was  very  variable,  including  some  very 
warm,  but  more  stormy,  wet,  snowy  and  frosty  weather.  From 
that  time  to  after  harvest,  the  temperature  was  almost  always 
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abore  the  average,  and  very  greatly  so  in  the  summer  months  of 
June  and  July  ;  whilst,  after  a  favourable  spring  seed  time,  there 
was  a  sufficiency  of  rain  in  April  to  give  a  fair  start  to  early- 
sown  crops  ;  but,  from  that  time  until  the  harvest  was  nearly 
over,  throughout  the  Midland,  Southern,  and  Eastern  districts  of 
the  country,  the  excessively  high  temperature  was  accompanied 
by  a  drought  of  unusual  severity,  both  as  regards  the  length 
of  its  duration,  and  the  great  deficiency  of  rain,  while  at  the 
same  time  the  atmosphere  was  very  dry. 

With  the  favourable  autumn  seed  time,  the  area  under  wheat 
was  over  the  average.  In  the  spring  the  plant  was  generally 
good,  the  harvest  was  very  early,  and  finally  the  crop  was 
reported  to  be  considerably  above  the  average  in  both  quantity 
and  quality  on  good  and  well-farmed  soils ;  on  light  and  poorly 
farmed  land,  on  the  other  hand,  the  crop  suffered  much  from 
the  heat  and  drought.  Still,  the  aggregate  wheat  crop  of  the 
country  was  supposed  to  be  about  20  per  cent,  over  the 
average  in  quantity,  and  also  of  above  average  quality. 

Tablb  Y. — Sdmmaut  of  the  Besults  of  the  Twsntt-fifth  Season, 

1867-68. 


MunorcB. 
(QuAiitities  per  Acre.) 

Prodaoe  per  Acre,  &c. 

Plots. 

Dressed  Coru. 

Total 
Com. 

Straw 

and 

ChafiH 

Quantity. 

Weight 

per 
Bushel. 

8 
2 

10a 
9b 
5a  &B 

6a  &  B 
7a  &  B 

9a 
8a  &  B 

Unmannred 

14  tons  farmyard-mannie 

400  lbs.  ammonlam-salts  alone  =  86  lbs.  N. 
550  lbs.  nitrate  of  floda  alone  =  86  lbs.  N. 

Mixed  mineral  manure  alone 

Mixed  mineral  manure,  and     \ 

200  lbs.  nmmonium-salts  =  43  lbs.  N.    ..  / 

Mixed  mineral  manure,  and      \ 

400  lbs.  ammonium-ealts  =  86  lbs.  N.     ..  / 

1  Mixed  mineral  manure,  and     \ 

550  lbs.  nitrate  of  soda  =  86  lbs.  N.        . .  / 

Mixed  mineral  manure,  and     \ 

600  lbs.  ammonium-salts  —  129  lbs.  N.  . .  / 

bush.  pks. 

16  2} 
41     8 
24    8 

27  1 

17  21 

28  li 
89    Bi 
47    8J 
46    2 

Ibe. 

61  0 

61-6 

61-9 

62-0 

62-8 

62-8 
611 
61-1 
620 

lbs. 
1054 
2604 
1627 
1799 
1185 

1885 
2468 
2970 
2982 

lbs. 

973 
4190 
2168 
2742 
1846 

2569 
8849 
5180 
4808 

Estimated  average  for  the  United  Kingdom  | 
reckoned  at  61  lbs.  per  bnahel / 

84    0 

61  0 

.. 

.  • 

Although  considerably  higher  yields  have  been  obtained 
upon  some  plots  than  those  which  were  grown  this  year,  still, 
the  yield  from  all  the  different  manured  plots  has  rarely  been 
exceeded ;  the  mean  obtained,  34  bushels,  confirming  the  verdict 
of  the  country  regarding  the  general  excellence  of  the  crop. 
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Tioenitf'inxth  Season^  1868-69. 

The  extraordinary  warm  period  of  nearly  nine  months'  dura- 
tion ended  with  September  1868.    October  and  November  were 
throughout,  with  very  few  ezceptionSy  colder  than  usual  both  by 
day  and  night ;  whilst  in  October  there  was  a  deficiency  of  rain, 
and  in  November  a  very  great  deficiency.     December,  on  the 
other  hand,  was   almost   throughout  very   much  warmer  than 
the  average,  with  a  great  excess  of  rain,  some  violent  gales 
of  wind,  very  variable,  but,  upon  the  whole,  very  low  barometric 
pressures,  and  a  high  degree  of  humidity  of  the  atmosphere.  The 
average   temperature  of  December  had    indeed  been  exceeded 
only  twice   during  the  preceding  ninety-eight  years ;  namely, 
in  1806  and  1852.     With  the  exception  of  a  week  after  the 
middle  of  January  (1869),  the  very  warm  period  continued  until 
the  end  of  February,  completing  three  winter  months  of  average 
temperature  about  6  degrees  higher  than  the  average  of  ninety- 
eight  years.     There  was,  again,  a  considerable  excess  of  rain  in 
January,  and  a  slight  excess  in  February.      March,  on  the  con- 
trary, was  several  degrees  colder  than  the  average,  with  about, 
or  less  than,  the  average  amount  of  rain.     Early  in  April  warm 
weather  set  in,  and  lasted  till  nearly  the  end  of  the  month,  the 
temperature  during   this  period  being  several  degrees   higher 
than  the  average,  whilst  the  fall  of  rain  was  generally  under 
the  average.     May  and  June  were,  with  few  exceptions  of  short 
duration,  very  much  colder  than  the  average.     Towards  the  end 
of  May  the  cold  was  very  extreme  for  the  season,  the  greater 
part  of  June  was  also  unusually  cold,  both  by  day  and  night ; 
and  in  May  there  was  a  considerable  excess,  though  in  June  a 
deficiency,  of  rain.     Early  in  July  there  was  again  a  change  to 
warm  weather,  which  lasted  till  the  end  of  the  month,  during 
which  there  was  very  little  rain.      The   first   three   weeks   of 
August  were  unseasonably  cold  and  showery,  though  the  total 
amount  of  rain  was  comparatively  small ;  but  the  concluding 
week  of  the  month  was  very  bright  and  hot.     Then  came  a 
short  period  of  cold  weather,  but  the  remainder  of  Septem- 
ber was  warm  though  stormy,  with  a  good  deal  of  rain.     In 
April,  May,  and  June,  the  degree  of  humidity  of  the  air  ranged 
high,  especially  in  May  ;  in  July  it  was  about  the  average,  but 
in  August  and  September  it  was  below  it 

To  sum  up  the  characters  of  the  season :  The  heat  and  drought 
of  the  spring  and  summer  of  1868  were  followed  by  a  warm 
and  dry  September,  and  a  cold  and  dry  October  and  November 
provided  a  good  autumn  seed-time.  The  three  winter  months 
were  very  warm  and — December  and  January  especially — very 
wet,  which  brought  the  autumn  sown  crops  rapidly  forward,  and 
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provided  an  unusual  amount  of  winter  grazing,  which  greatly 
compensated  for  the  previous  deficiency.  Owing  to  the  con- 
dition of  the  land,  spring  sowing  was  retarded.  The  weather 
in  March  was  both  dry  and  cold,  and  in  consequence  vegeta- 
tion was  much  checked ;  a  rapid  recovery  however  took  place 
under  the  influence  of  very  warm,  though  somewhat  dry, 
weather  in  April.  The  remainder  of  the  spring  was  very  cold, 
and  also  wet;  June,  again,  for  the  most  part  was  cold,  and 
July  warm  ;  most  of  August  was  cold,  but  the  latter  part  of  the 
month  and  September  were  hot,  while  the  summer  was  com- 
paratively dry,  though  the  harvest-time  was  somewhat  unsettled. 

Tablb  YI. — ^SuMKABT  of  the  Rbsults  of  the  Twentt-bixth  Season, 

1868-69. 


Plots. 


Manures. 
(QiuuiUkies  per  Acre.) 


Produce  per  Acre,  &c. 


Dressed  Com. 


Qosntity. 


::} 


Unmannred 

14  tons  fimnyard-manure 

4U0  lbs.  ammonium-aalts  alone  =  86  lbs.  N. 
550  lbs.  nitrate  of  Boda  alone  =  86  lb«.  K. 
Mixed  mineral  manure  oioue    .. 
Mixed  mineral  manure,  and 
200  lbs.  ammonium-Baits  =  43  lbs.  K. 

Mixed  mineral  manure,  and     \ 

400  Ibe.  ammonium-Baits  =  86  lbs.  N.     ..  j , 

Mixed  mineral  manure,  and     \ 

550  lbs.  nitrate  of  soda  =  86  Iba.  K.       ..  /< 

Mixed  mineral  manure,  and     V 

600  lbs.  ammonium-saltB  =  129  lbs.  N.  .. /; 


buBh.  pks. 


14 

1 

38 

1 

20 

1 

24 

OJ 

15 

3 

21  2i 
28  1{ 
39    0 


34    3 


Estimated  average  for  the  United  Kingdom V  „-    ^ 
reckoned  at  61  lbs.  per  bushel /     * 


Weight 

per 
Bushel. 


lbs. 

561 

56*9 

54-9 

54-6 

56*9 

57-2 
67-5 
571 
57-2 


Total 
Com. 


61  0 


lbs. 

848 
2256 
1210 
1452 

942 

1309 
1760 
2368 
2096 


Straw 

and 

Chaff. 


lbs. 
1350 
8937 
2265 
3475 
1601 

2265 
3212 
4930 
3918 


The  extreme  fluctuations  of  temperature  which  marked  this 
season  are  visible  in  the  verj  low  quality  of  the  produce :  in 
not  one  experiment  does  the  weight  of  the  bushel  reach  58  lbs., 
while  the  yield  of  the  crop  generally  was  large,  but  when  cal- 
culated upon  a  standard  of  61  lbs.  per  bushel,  it  was  slightly 
below  an  average. 


TtDenty-seventh  Season,  1869-70. 

Until  the  middle  of  October  the  autumn  of  1869  was  for  the 
most  part  warm,  with  a  good  deal  of  rain.  From  that  time  until 
the  end  of  the  year  the  weather — though  including  some  rapid 
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flactnations,  some  very  warm  dajs,  and  a  warm  period  of  more 
than  a  week  in  the  middle  of  December — was  very  cold  and  in- 
clement, and  especially  wintry  towards  the  end  of  October.  There 
urere  numerous  gales  throughout  the  quarter ;  while  there  was 
less  rain  than  usual  in  October,  about  the  average  in  November, 
and  a  considerable  excess  in  December.  The  falls  were  heavy 
and  continuous  at  the  end  of  November,  and  again  in  the  middle 
of  December ;  while  the  drains  in  the  experimental  wheat-field 
ran  frequently  from  November  28th,  1869,  to  January  1st,  1870. 
Xbe  first  three  months  of  1870  were  characterised  by  frequent 
alternations  of  warm,  and  very  cold  weather — the  colder  periods 
being,  however,  much  the  longer,  and  sometimes  very  severe ; 
snow  was  very  frequent,  but  the  rain  gauge  indicated  a  deficient 
fall  in  January,  in  some  localities  a  deficiency  in  February,  but 
a  very  heavy  fall  early  in  the  month,  and  an  excess  in  March. 
From  early  in  April  to  near  the  end  of  the  month  the  weather 
was  very  warm  and  dry  ;  then  followed  about  a  fortnight  of  cold 
and  cloudy  weather,  from  which  time  until  nearly  the  end  of 
June  it  was  again  very  warm,  sunny,  and  dry — the  three  months 
together  being  not  only  warmer  than  the  average,  but  very 
unusually  deficient  in  rain.  The  day  temperature  especially 
was  high,  though  the  night  temperature  in  April  and  May  was 
low,  but  in  June  high.  The  end  of  June  and  the  beginning  of 
July  were  cold  and  variable,  but  the  remainder — indeed,  nearly 
the  whole  of  July,  as  well  as  the  first  half  of  Augpist — was  very 
wann.  Then,  to  the  end  of  September,  a  period  of  about  six 
weeks,  the  temperature  was  generally  below  the  average,  though 
the  weather  continued  fine.  Thus,  the  period  of  drought,  which 
had  commenced  with  April,  continued  to  nearly  the  end  of 
August,  and  even  in  September  there  was  less  than  the  average 
fall  of  rain.  The  large  deficiency  of  rain  throughout  five  con- 
secutive months  was,  moreover,  accompanied  by  great  dryness 
of  atmosphere — ^the  degree  of  humidity  of  the  air  being  in 
April  unusually  low,  and  in  May,  June,  July,  and  August,  also 
considerably  below  the  average. 

The  autumn  of  1869,  though,  as  the  details  show,  frequently 
cold,  boisterous,  and  inclement,  was  upon  the  whole  not  un- 
favourable for  getting  in  the  seed.  The  winter,  though  change- 
able, included  a  great  deal  of  very  cold  weather.  In  the  early 
spring  both  field-work  and  vegetation  were  very  backward,  and 
at  the  end  of  April  grass  land  was  very  brown  and  bare.  From 
the  beginning  of  April  until  harvest  the  weather — with  few  ex- 
ceptions of  short  duration — was  warmer  than  usual,  with  a  great 
deficiency  of  rain,  and  a  very  dry  atmosphere. 

The  combined  heat  and  drought  were  even  more  extreme 
during  the  months  of  May,  June,  and  July  1868,  than  during 
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the  corresponding  months  in  1870 ;  but  in  the  latter  year  the 
deficiency  of  rain  commenced  a  month  earlier,  and  continued 
later  than  in  1868.  The  grass  crops  in  consequence  suffered 
much  more  in  1870 ;  and,  for  a  parallel,  we  must  go  back  as 
far  as  1844.  As  in  the  two  preceding  years  (1868  and  1869), 
the  reports  of  the  cereal  crops  of  the  country  were  very  variable, 
but  for  very  opposite  reasons  in  the  years  of  heat  and  drought, 
1868  and  1870,  as  compared  with  1869. 

Tablb  Vn.~Sx7M]i[ABT  of  the  Bbsultb  of  the  Twentt-sevbnth  Ssasok, 

1869-70. 


Manures. 
(Quantities  per  Acre.) 

Prodaoe  per  Acre,  tc 

Fluta. 

Dressed  Com. 

Total 
Com. 

Straw 

and 

Chaff. 

Quantity. 

Weight 

per 
Bushel. 

8 
2 

10a 
9b 
5a  &  B 

6a  &  B 
7a  &  b| 
9a    / 
8a  &  b| 

Unraanured 

14  tons  formyard-manure 

400  lbs.  ammonium-flalts  alone  =  86  lb3.  N. 
550  lbs.  nitrate  of  soda  alone  =  86  lbs.  N. 

Mixed  mineral  mannre  alone 

Mixed  mineral  manure,  and     ^ 

200  lbs.  ammonium-salts  =  43  lbs.  K.    ..  / 

Mixed  mineral  manure,  and      \ 

400  lbs.  ammonium-salts  =  86  lbs.  N.    . .  / 

Mixed  mineral  manure,  and      \ 

550  lbs.  nitrate  of  so<la  =  86  lbs.  N.       ..  / 

Mixed  mineral  manure,  and      \ 

600  lbs.  ammonium-salts  =  129  lbs.  K.  ..  / 

buah.pks. 
14    8} 
36    2 
21    2i 
26    If 
18    2} 

30    If 
40    2i 
45    2 
45    1 

lb«. 

61-8 

63-4 

60-8 

61-3 

62-6 

681 
68-8 
62-7 
63-8 

lbs. 

956 
2859 
1420 
1735 
1203 

1980 
2620 
2940 
2966 

lbs. 
1046 
2783 
1627 
2080 
1360 

2354 
3216 
8911 
3667 

£ 

estimated  average  for  the  United  Kingdom^ 
reckoned  at  61  lbs.  per  bushel / 

30    0 

610 

. . 

•  • 

Although  the  yield  of  wheat  in  this  exceedingly  dry  season 
was  generally  lower  than  in  1868,  the  weight  of  the  grain  was 
in  some  cases  considerably  higher,  reaching  in  one  experiment 
nearly  64  lbs.  per  bushel. 

The  ravages  of  wireworm  were  very  general  throughout  the 
country  ;  this  considerably  reduced  the  yield  of  the  crop,  which 
otherwise  would  have  been  a  large  one. 

Twenty-eighth  Seasony  1870-71. 

In  October  1870  the  changes  of  temperature  were  very 
frequent,  giving  however  about  the  average  for  the  month  ;  and 
there  was  a  slight  excess  of  rain.  The  first  19  days  of  November 
were  for  the  most  part  cold,  while  the  remainder  was  warm, 
but  the  average  for  the  month  was  low,  and  there  was  a  con- 
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siderable  deficiencj  of  rain.  There  were  aboat  10  days  of  very 
warm  weather  in  the  middle  of  December,  but  the  beginning 
and  end  of  the  month  were  cold ;  the  latter  extremely  so,  with  a 
good  deal  of  snow  and  cold  wind ;  the  average  for  the  month 
was  5  or  6  degrees  below  the  average  for  99  years ;  and  the  rain 
and  melted  snow  indicated  a  considerable  excess  of  fall.  January 
1871,  with  the  exception  of  a  few  days  in  the  middle  of  the 
month,  was  cold ;  and  at  the  beginning,  and  for  nearly  a  fort- 
night at  the  end,  the  weather  was  extremely  severe.  From  early 
in  February  until  the  middle  of  March  the  weather  was  very 
mild,  but  from  thence  to  the  end  of  the  month  the  temperature 
was  very  variable.  There  was  a  full  amount  of  rain  (or  snow)  in 
January,  but  a  deficiency  in  both  February  and  March ;  though 
the  melting  of  the  snows  of  January,  succeeded  by  frequent 
rains  early  in  February,  caused  floods  in  many  parts.  April, 
May,  and  June  were — with  the  exception  of  the  latter  half  of 
April,  which  was  warm,  with  a  good  deal  of  south-west  wind  and 
ram — ^unusually  cold,  with  a  great  deal  of  east  or  north  wind,  or 
some  compound  of  the  two ;  and  there  was  an  excess  of  rain 
in  April  and  June  but  a  deficiency  in  May ;  June  especially 
being  very  unseasonably  cold  and  wet.  July,  excepting  about  a 
week  after  the  middle  of  the  month,  was  cold,  with  a  con- 
siderable excess  of  rain ;  but,  from  early  in  August  to  about  the 
middle  of  September,  there  was  a  period  of  six  weeks  of  warm 
and  genial  weather,  from  which  time  till  the  end  of  September, 
it  was  again  very  cold,  wet,  and  stormy.  August  was  not  only 
warm,  but  there  was  very  little  rain,  whilst  in  September  there 
was,  towards  the  end  of  the  month,  a  great  excess  of  rain.  The 
degree  of  humidity  of  the  air  was  high  in  April  and  June,  rather 
high  in  July,  rather  low  in  May,  very  low  in  August,  and  low 
in  September. 

The  autumn  of  1870  was  thus  changeable  as  to  temperature, 
being  upon  the  whole,  cold ;  wet  prevailed  during  the  first  half 
of  September,  and  also  of  October,  but  afterwards  the  weather 
was  comparatively  dry  and  favourable  for  field  work.  The 
greater  part  of  the  winter  was  extremely  severe,  with  a  good 
deal  of  snow  and  very  cold  winds;  the  remainder  was  mild 
and  very  wet,  retarding  field  work  and  spring  sowing.  Winter 
com  was  very  backward,  and  in  many  cases  injured,  pastures 
were  bare,  and  vegetables  very  scarce.  The  hard  winter  had, 
however,  killed  many  insects,  and  March  was  favourable  for 
field  work  and  sowing ;  but,  with  the  exception  of  the  latter 
half  of  April,  the  remainder  of  the  spring  was  cold  and  back-  '> 
ward.  The  rest  of  the  active  growing  period,  excepting  one  hv:  -> 
two  intervals  of  short  duration,  was  cold,  bleak,  and  very  wet 
In  the  greater  part  of  England,  however,  August  and  the  early 
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part  of  September  being  warm  and  dry,  mach  aided  the  ripen- 
ing and  getting  in  of  the  crops  ;  but  the  latter  half  of  September 
was  cold  and  wet 

Table  YIIL— Summabt  of  the  Bbbtjlts  of  the  Twutt-biohth  Sbabok, 

1870-71. 


Maniins. 
(Qaantlties  per  Acre.) 

Prodnoo  per  Acre,  he 

DreoaedCom. 

Total 
Ooni. 

atnw 

and 

Chaff. 

Plots. 

QMOthj. 

Weight 

per 
Bushel. 

3 
2 

10a 
9b 
5a&b 

6a  &  b| 
7Aft  b| 

i 

8a*b| 

Unmannred 

14  tons  fiumyaid-mannre 

400  lbs.  ammoniiim-salts  alone  =  86  lbs.  N. 
550  lbs.  nitrate  of  soda  alone  =  86  lbs.  N. 

Mixed  mineral  manure  alone 

Mixed  mineral  manure,  and      \ 

200  lbs.  anmionium-aalts  —  43  lbs.  N.    ..  / 

Mixed  mineral  manure,  and      | 

400  lbs.  ammonium-salts  =  86  lbs.  N.     ..  / 

Mixed  mineral  manure,  and      ) 

550  lbs.  nitrate  of  soda  =  86  lbs.  N.        ..  f 

Mixed  mineral  manure,  and      \ 

600  lbs.  ammonium-salts  —  129  lbs.  N.  ..  / 

bii8h.pks. 

9     1} 

38    81 

10  0} 
17    2i 

11  Si 

17    0 
22    1 
34    1{ 
27    2f 

Ibo. 

54-8 

600 

53-8 

52-4 

56-6 

56-5 
56-7 
58-6 
57-7 

lbs. 

615 
2498 

675 
1093 

773 

1089 
1512 
2228 
1843 

Iba. 
1100 
4506 
1252 
2425 
1435 

2297 
3085 
4909 
3933 

Estimated  average  for  the  United  Kingdom j 
reckoned  at  61  Ibe.  per  bushel / 

24    0 

61-0 

•» 

•• 

Both  in  quantity  and  quality  the  wheat  crop  of  this  season 
was  much  below  an  average.  The  dunged  land,  which  yielded 
nearly  89  bushels,  weighing  60  lbs.  per  bushel,  shows,  what 
may  be  noticed  generally  throughout  the  experiments,  that 
while  the  crops  on  the  dunged  land  are  able  to  resist  the  influ- 
ence of  bad  weather  better  than  those  grown  by  artificial  manures, 
they  cannot,  in  very  favourable  seasons,  attain  the  produce 
which  is  reached  by  the  artificially  manured  crops. 

The  estimated  produce  of  the  selected  experiments  gives 
24  bushels  per  acre,  at  61  lbs.  per  bushel. 

* 

TumOy-ninth  Season,  1871-72. 

October,  November,  and  December,  were  all  months  of 
excessive  cold,  with  very  little  rainfall.  Mr.  Glaisher  observed 
that  the  quarter  had  been  remarkable  for  the  longest  con- 
tinuance of  low  temperature  in  November,  and  the  first  half  of 
'December,  that  had  occurred  in  this  century. 
*  This  was  followed  by  nearly  three  months  of  very  warm 
weather,  which  lasted  until  the  middle  of  March.     The  17th  of 
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March  was  91^  degrees  above  the  average,  and  the  21st  was 
12  d^pnees  below  it.  October,  November,  and  December,  were 
dry  months,  while  in  January  and  March  the  rainfall  was  in 
excess.  April  was  a  warm  month.  All  the  month  of  Maj  and 
the  first  half  of  June  were  cold,  the  remainder  of  June  was 
warm.  The  rainfall  was  below  the  average  in  April  and  June, 
but  rather  above  it  in  May.  The  first  week  in  July  was 
excessively  hot ;  this  was  followed  by  ten  days  of  cold  weather, 
after  which  came  eleven  days  of  very  great  heat.  August  was 
cold  and  wet,  while  the  rainfall  in  July  was  slightly  below  the 
average.  In  August  and  September  frequent  and  heavy  rains, 
and  thunder-storms,  interrupted  harvest  operations. 

Tabli  IX. — SuMKABT  of  the  Bebults  of  the  Twsntt-ninth  Season, 

1871-72. 


PloU. 


6Aft 

7a  ft 


Manares. 
(Quantities  per  Acre.) 


Unmannied 

14  tons  farmyard-manure 

400  lbs.  ammonium-aaltB  alone  =  86  lbs.  K. 

550  lb&  nitrate  of  soda  alone  =  86  lbs.  K. 

Mixed  mineral  manure  alone    .. 

Mixed  mineral  manure,  and 

200  lbs.  ammonium-Baits  =  43  lbs.  N. 

Mixed  mineral  manure,  and 

400  lbs.  ammonium-salts  =  86  lbs.  N. 

Mixed  mineral  manure,  and 

550  lbs.  nitrate  of  soda  »  86  lbs.  N.     . 

Mixed  mineral  manure,  and 

600  lbs.  ammonium-salts  =  129  lbs.  N. 


Produce  per  Acre,  he. 


Dressed  Oorn. 


QQAQtlty. 


::} 
::) 


Estimated  average  for  the  United  Kingdom 
reckoned  at  61  lbs.  per  bushel   ..     . . 


} 


bllBh.p]C8. 

10  2} 

82  1} 

18  0 

23  H 

12  31 

20  2 

29  2{ 

40  2f 

35  2i 


Weight 
per 

BusheL 


0 
7 


lbs. 

59' 

60 

56*8 

55-5 

60 


Total 
Oorn. 


24    0 


60 


0 
2 


60-2 
600 
60-5 


610 


Ibe. 

705 
2046 
1178 
1434 

835 

1304 
1937 
2565 
2324 


Stnw 

•Qd 

Chair. 


lbs. 

1152 

8761 

2442 

3210 

1331 

2567 
3827 
6527 
5071 


The  season  of  1872  was  much  more  favourable  for  artificial 
manures  than  the  season  of  1871,  their  produce  having  in  one 
instance  reached  40  bushels  per  acre;  while  the  weight  per 
bushel  over  the  whole  field  was  very  much  higher  than  in  1871 : 
the  jield  of  the  crop  of  the  country,  however,  was  estimated  to 
be  considerably  below  an  average. 

Thirtieth  Season,  1872-73. 

October  was  cold  until  the  25th,  a  warm  period  then  set  in 
which  lasted  until  the  9th  of  November,  when  the  weather 
again  became  cold.     The  first  part  of  December  was  cold,  thc^ 

€  2 
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latter  part  unusnallj  warm,  and  all  the  three  months  were 
ezoessivelj  wet,  over  eleven  inches  of  rain  having  fallen  at 
Greenwich  during  that  period. 

The  first  fortnight  in  January  was  warm,  and  the  remainder 
of  the  month  about  an  average  temperature.  February  was 
rather  cold,  and  March  about  an  average.  The  rainfall  was 
slightly  in  excess  in  January  and  February,  and  slightly  below 
the  average  in  March.  April  was  cold,  especially  towards  the 
latter  part  of  the  month.  From  the  22nd  of  April  to  the  18th 
of  June  the  mean  temperature  was  2^  degrees  below  the  average, 
the  remainder  of  June  was  warm.  April  and  May  were  very 
dry  months,  while  the  rainfall  in  June  was  above  the  average. 
July  was  cold  up  to  the  19th,  when  a  few  days  of  excessively 
hot  weather  occurred,  followed  again  by  cold.  The  temperature 
of  the  month  was  on  the  whole  above  the  average. 

The  rainfall  in  July  was  below  the  average.  August  was 
alternately  hot  and  cold,  with  a  great  deal  of  rain ;  the  cha- 
racter of  the  season  was  one  of  great  fluctuations,  as  the  tem- 
perature during  the  winter  was  very  warm,  and  the  spring  and 
early  summer  were  very  cold,  while  there  was  a  good  deal  of 
rain  to  interfere  with  the  ripening  of  the  com. 

Tablb  X. — SuMMABT  of  the  Bbsults  of  the  Thibtdbth  Sbason,  1872-73. 


Ploli. 


8 
2 

10a 
9b 
5a  &  B 

6a  &  b| 

7A&B1 

9a 

8a  &  BJ 


Manuret. 
(QiuntiUes  per  Acre.) 


Unmaimred 

14  tons  farmyard-mAimjre 

400  Iba.  ftmmonium-B&ltB  =  86  lbs.  N.     . 
550  lbs.  nitrate  of  soda  alone  =  86  lbs.  K. 

Mixed  mineral  manure  alone 

Mixed  mineral  manure,  and 

200  lbs.  ammonium-^alts  =  43  lbs.  N, 

Mixed  mineral  manure,  and 

400  lbs.  ammonium-saltB  =  86  lbs.  N. 

Mixed  mineral  manure,  and 

550  lbs.  nitrate  of  soda  =  86  lbs.  K. 

Mixed  mineral  manure,  and 

600  lbs.  ammonium-salts  =  129  lbs.  N. 


::) 


Prodnoe  per  Acre,  Ac. 


Dressed  Com. 


Quantity. 


bosh.  pics. 
11     2} 


26 
19 
21 
12 


8 

St 
2i 


15  8i 

21  8{ 

85  St 

27  2 


1. 


Estimated  average  for  the  United  Eangdom^l  qo 
reckoned  at  61  lbs.  per  bushel /   ^ 


2 


Weight 

per 
BoaheL 


lbs. 

570 

581 

56-1 

54-9 

56-9 

57-1 
57-2 
57-1 
56-9 


61-0 


TMal 
Oom. 


lbs. 

701 
1622 
1173 
1303 

763 

960 
1328 
2160 
1643 


Straw 

aud 

Chaff. 


lbs. 

902 
2468 
1635 
2358 
1043 

1520 
2021 
3932 
2664 


The  history  of  the  season  is  quite  sufficient  to  account  for 
the  badness  of  the  wheat  crop;  the  produce  of  the  farmyard 
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dung  did  not  quite  reach  27  bushels,  and  the  highest  produce 
in  the  field  only  amounted  to  35f  bushels  per  acre ;  while  the 
highest  weight  per  bushel  in  the  field  was  58  lbs.  The  crop 
of  the  country  was  estimated  to  be  greatlj  below  an  average. 

Thirty-first  Season,  1873-74. 

The  temperature  in  October  fluctuated  very  much ;  sometimes 
it  was  much  above  the  average  warmth,  and  at  others  it  was 
very  cold ;  on  the  whole,  however,  the  temperature  was  colder 
than  the  average,  while  in  November  it  was  some  degrees 
warmer  than  the  average.  December  was  above  the  average. 
The  rainfall  in  October  was  slightly  below  the  average,  in 
November  slightly  above  it ;  while  in  December  hardly  any 
rain  fell  during  the  month. 

Tablx  XL — SuMMABT  of  the  Besttlts  of  the  Thibtt-fibst  Season, 

1873-74. 


Mannres. 
CQuantitiieB  per  Acre.) 

Prodaoe  per  Acre,  ^ 

PlMa. 

DreaaedCom. 

Total 
Com. 

Straw 

and 

Chaff. 

Quantity. 

Weight 

per 
BusheL 

8 
2 

IOa 
9b 
5a  &B 

6a&b| 

7a*b| 

9a    { 

8a&  b| 

TTnmanured 

14  tons  ftrmyard-mannre 

400  Ibe.  ammonimn-salts  s  86  lbs.  N.    . . 
550  lbs.  nitrate  of  soda  alone  =  86  lbs.  N. 

Mixed  mineral  manure  alone 

Mixed  mineral  manure,  and     \ 

200  lbs.  ammonium-salts  -  48  lbs.  N.    ../ 

Mixed  mineral  manure,  and     ^ 

400  lbs.  anmkonium-salts  -  86  lbs.  N.     . . } 

Bfixed  mineral  manure,  and      { 

550  lbs.  nitrate  of  soda  =  86  lbs.  N.       .. } 

Mixed  mineral  manure,  and     I 

600  lbs.  ammonium-salts  -  129  Iba  N.   . .  | 

bu8h.pkB. 
11     1| 
89     1 
25     1 
21     2 
13    0 

25    Si 

39  1} 
38    Oi 

40  2 

lbs. 

58*3 

60-2 

56-5 

57-5 

59- 1 

59-6 
59-8 
60*4 
69-9 

lbs. 

694 
2431 
1476 
1269 

794 

1556 
2449 
2409 
2554 

lbs. 

990 
4439 
1977 
2166 

880 

2221 
4645 
5012 
6063 

Estimated  average  fior  the  United  KiDgdom^ 
reckoned  at  61  Ibe.  per  bushel / 

29    1 

61  0 

•  • 

• . 

The  tempeiatare  of  January,  February,  and  March  was  in 
excess  of  the  average.  January  was  unusually  warm,  the  excess 
of  temperature  being  5J^  degrees  during  the  whole  month. 
The  rainfall  was  below  the  average  in  each  of  the  three 
months,  being  not  more  than  one-half  the  usual  fall.  April 
was  an  exceedingly  warm  month,  the  temperature  being  on 
several  days  10  to  13  degrees  over  the  average.     The  first  three 
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weeks  of  May  were  exceedingly  cold;  this  was  followed  by 
very  warm  weather  which  continued  until  the  11th  of  June, 
after  which  cold  weather  prevailed  until  the  end  of  the  month. 
April  was  a  dry  month ;  May  excessively  dry,  the  rainfall  at 
Greenwich  not  amounting  to  half  an  inch.  The  rainfall  in 
June  was  slightly  over  the  average.  In  July  there  were  fre- 
quent and  severe  fluctuations  of  temperature,  but  on  the  whole 
the  month  was  hotter  than  usual. 

To  sum  up — the  climate  of  the  wheat  year  of  1873—74  may 
be  said  to  have  been  one  of  unusual  dryness  from  beginning  to 
end ;  of  high  temperature  in  the  autumn,  winter,  and  early 
spring,  but  after  this  the  weather  was  cold  until  July. 

The  yields  from  the  best  artificial  manures  and  the  dung 
were  very  similar,  amounting  to  from  38  to  40  bushels  per  acre, 
and  the  quality  of  the  com  was  fairly  good.  The  yield  of  the 
crop  of  the  country  was  estimated  to  be  over  an  average. 

Tkirty-eecond  Season,  1874-75. 

The  month  of  October,  and  November  until  the  20th  was 
warm,  the  temperature  being  nearly  2  degrees  over  the  average ; 
but  on  the  20th  a  bitterly  cold  period  set  in  and  continued 
until  the  end  of  December.  The  mean  temperature  of  the 
period  was  more  than  6*6  degrees  below  the  average — some 
days  being  10  and  one  day  14  degrees  below  it.  The  rainfall 
in  October  was  slightly  in  excess  of  the  average.  November 
and  December  were  both  dry  months,  especially  the  latter,  and 
the  total  rainfall  during  the  year  was  20  inches,  which  is 
5^  inches  below  the  average.  January  was  exceedingly  warm, 
the  mean  temperature  of  the  month  being  6f  degrees  over 
the  average ;  this  was  followed  by  a  very  cold  period  which 
continued  until  the  end  of  March.  The  rainfall  was  in  con- 
siderable excess  in  January,  and  below  the  average  in  the 
two  succeeding  months.  April  was  a  very  cold  month,  and 
on  the  27th  vegetation  was  very  backward  ;  but  this  cold  was 
followed  by  a  warm  growing  period  which  continued  until 
tde  10th  of  June,  when  vegetation  was  as  forward  as  usual. 
The  remainder  of  June  was  cold.  The  rainfall  in  April  and 
May  was  slightly  below  the  average,  and  in  June  slightly  above 
it.  The  cold  weather  which  set  in  on  the  10th  of  June  con- 
tinued all  through  the  month  of  July  and  until  the  5th  of 
August,  when  there  came  a  warm  period  which  lasted  for  a 
long  time.  The  rainfall  of  July  was  excessive,  causing  great 
floods  and  doing  much  injury  to  the  hay  and  corn  crops ;  in 
some  districts  from  3  to  5  inches  of  rain  fell  in  one  day. 
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Tablb  Xn. — SuvMABY  of  the  Besultb  of  the  Thzbtthsboond  Ssason, 

1874-76. 


Miaiires. 

4 

Pndnoe  per  Aon,  Ac 

Flola 

Drened  OoTD. 

Total 
Gum. 

Straw 

and 

Chaff. 

Quantity. 

Weight 

per 
BoaheL 

3 
2 

10a 
9b 
5a  &  B 

6a  A  b/ 

7a  A  b/ 

9.    { 

8aA  bI 

Umnanured 

14  tons  fanuTard-maniire  ..     * 

400  lbs.  ammoninm-salU  alone  =  86  lbs.  N. 
550  lbs.  nitrate  of  soda  alone  =  86  lbs.  N. 

Mixed  mineral  manure  alone 

Mixed  mineral  manure,  and     ..     ..      ,.\ 
200  lbs.  ammonium-saltB  =  43  lbs.  N.    . .  / 

Mixed  mineral  manure,  and      \ 

400  lbs.  ammonium-salts  =  86  lbs.  N.     ..  j 

Mixed  mineral  manure,  and      1 

550  lbs.  nitrate  of  soda  =  86  lbs.  K.        ..  1 

Mixed  mineral  manure,  and      \ 

600  lbs.  ammonium-salts  —  129  lbs.  N.  ../ 

biulLpki^ 

8  2} 

28  3^ 
12    3 
16    2 

9  1 

16    1} 
25    3i 
30    2 

29  3i 

lbs. 
600 

eo-6 

54-5 
55-7 
59-4 

60*3 
59-5 
57-9 
58-2 

Ibai 

667 
1890 

786 
1050 

590 

1065 
1688 
1965 
1937 

Iba. 
1008 
3719 
1574 
2363 
1125 

2008 
3422 
4747 
4323 

Estimated  average  for  the  United  Kingdom^ 
reckoned  at  61  lbs.  per  buahel / 

22    3} 

610 

•  • 

•  • 

The  season  was  remarkable  for  the  great  floods  which  pre- 
vailed all  orer  England  in  the  month  of  July  (1875)  ;  these  did 
considerable  damage  to  the  wheat  crop,  and  both  on  the  dunged 
and  the  artificially  manured  land  the  yield  was  about  10  bushels 
per  acre  less  than  that  of  the  previous  year.  The  yield  of  the 
country  was  estimated  to  be  greatly  below  an  average. 

Thirty-third  Season,  1875-76. 

October  was  generally  cold  and  wet;  November  up  to  the 
19th  was  rather  warm ;  this  was  followed  by  a  period  of  ex- 
tremely cold  weather,  with  a  considerable  fall  of  snow,  which, 
owing  to  the  high  winds,  did  not  cover  the  wheat,  but  drifted  to 
the  hedges.  The  weather  of  this  period  was  very  similar  to 
that  of  1874;  but  this  year  the  cold  came  to  an  end  on  the 
17  th  of  December,  when  warm  weather  prevailed  until  the  close 
of  the  year. 

The  rainfall  was  greatly  in  excess  in  October,  slightly  so 
in  November,  and  below  the  average  in  December.  January 
was  alternately  very  warm  and  extremely  cold,  the  cold,  how- 
ever, predominating;  the  middle  of  February  was  also  very 
cold,  but  the  latter  part  of  the  month  and  the  beginning  of 
March  were  unusually  warm ;  this  was  followed  by  three  weeks 
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of  very  cold  weather,  but  the  last  three  days  of  the  month  were 
very  warm.  The  rainfall  in  January  and  February  was  below 
the  average,  while  in  March  it  was  slightly  above  it.  The  first 
nine  days  in  April  were  excessively  warm,  ))Ut  the  weather 
which  followed  was  very  severe,  and  from  the  11th  to  the  14th 
a  great  amount  of  snow  fell ;  the  last  ten  days  of  the  month 
were  warm.  Throughout  the  month  of  May  the  cold  was  ex- 
cessive, and  continued  so  up  to  the  18th  of  June ;  the  remainder 
of  June  was  warm.  The  rainfall  during  the  three  months  was 
much  below  the  average,  being  not  more  than  3^  inches  over 
the  whole  period.  The  months  of  July  and  August  were  ex- 
ceedingly fine  and  hot,  and  in  the  middle  of  July  several  days 
were  recorded  on  which  the  temperature  was  over  90  degrees ; 
very  little  rain  fell  during  this  month. 

Tablb  XIIL — SuMMABT  of  the  Besults  of  the  Thibtt-thibd  Sbason, 

1875-76. 


• 

Manare& 
(Qoantitles  per  Acre.) 

Prodaoe  per  Acre,  &a 

Plots. 

Dressed  Oom. 

Total 
Gom. 

Straw 

and 

Chaff. 

Qnantttj. 

Weight 

per 
BtuheL 

S 
2 

10a 
9b 
5a  &B 

6a&  b| 
7a&b| 

8a  a?  B| 

Unmannred 

14  tons  farmyaid-mannre 

400  Ibe.  ammonium-fialts  alone  —  86  lbs.  N. 
550  lbs.  nitrate  of  Boda  alone  =  86  lbs.  N. 

Mixed  mineral  manure  alone 

Mixed  mineral  manure,  and      \ 

200  lbs.  ammonium-saltB  =  43  lbs.  N.     .. 

Mixed  mineral  manure,  and      \ 

400  Ibe.  ammonium-aalts  =  86  Ibe.  N.     ..  / 

Mixed  mineral  manure,  and     \ 

550  lb8.  nitrate  of  soda  =  86  lbs.  N / 

Mixed  mineral  manure,  and      \ 

600  lbs.  ammonium-saltB  =  129  lbs.  N.  .. 

bush.  pks. 

8    0} 

23    3^ 

12  Oi 

13  0 
10    2 

15    2i 
23    2 
33    1\ 
29    2} 

lbs. 

590 

62-4 

57-2 

56*3 

59-2 

621 
630 
62-7 
62-9 

lbs. 
500 
1545 
719 
766 
645 

1022 
1582 
2255 
1975 

lbs. 

642 
2140 

922 
1217 

785 

1297 
2212 
3584 
2936 

Estlmatod  ayerage  for  the  United  Kingdom) 
reckoned  at  61  lbs.  per  buahel ./ 

25    0 

610 

9  9 

. . 

The  quality  of  the  crop  of  1876  was  much  over  an  average, 
reaching  in  one  case  to  63  lbs.  per  bushel,  but  the  yield  was 
bad,  the  highest  produce  in  the  field  only  slightly  exceeding 
33  bushels  per  acre.  The  produce  of  the  dunged  plot  was 
exceptionally  bad,  amounting  to  less  than  24  bushels  per  acre. 
The  crop  of  the  country  was  considered  to  be  superior  to  that 
of  1875,  but  still  was  below  an  average. 
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Tkirty-fourth  Season,  1876-77. 

October  was  very  warm  and  wet  till  the  20th  ;  the  remainder 
of  the  month  was  dry  and  cold.  In  November  the  cold  period 
continued  until  the  13th ;  from  that  time  until  the  end  of  the 
year  the  weather  was  very  warm.  The  rainfall  in  November 
was  rather  over  the  average,  and  the  wettest  December  of  which 
there  is  any  record  followed.  The  rainfall  in  London  was 
slightly  below,  and  at  Rothamsted  slightly  above  6  inches.  In 
January  and  February  the  temperature  was  much  above  the  ave- 
rage, and  rain  fell  almost  continuously.  The  first  three  weeks 
of  March  weie  cold ;  the  latter  part  of  the  month  was  warm,  and 
the  rainfall  was  a  little  over  the  average.  The  first  part  of  April 
was  warm,  but  on  the  11th  a  cold  period  set  in  which  continued 
until  the  end  of  the  month.  May  was  a  remarkably  cold  month ; 
daring  many  nights  there  was  frost,  and  in  some  places  the  ther- 
mometer ^Vent  down  to  13,  that  is  to  say,  19  degrees  below 
freezing-point!  June  was  a  very  hot  month.  In  April  the 
rainfall  was  in  excess,  and  in  May  and  June  it  was  below  the 
average.  July  was  a  very  cold  month,  with  an  average  rain- 
fall. August  was  a  warm  month  until  the  21st,  after  that,  and 
during  the  whole  of  September,  the  weather  was  excessively  cold. 
Mr.  Glaisher  stated  that  the  mean  temperature  of  September 
1877  was  the  lowest  recorded  for  74  years.  The  rainfall  was 
in  excess  in  August,  and  deficient  in  July  and  September. 

Tabu  XIY. — Sumilabt  of  the  Bksults  of  the  Thibtt-foubth  Sxabok, 

1876-77. 


Manures. 
(Quantities  per  Acre.) 

Produce  per  Acre,  ^ 

Plou. 

Dressed  Cora. 

Total 
Com. 

Straw 

and 

Chaff. 

QuAntlty. 

Weight 

per 
Bushel. 

3 

2 

10a 
9b 
5a  A  B 

6a  ft  B 
7a  ft  B- 

9a 

8a  ft  B 

Unmannred 

14  tons  fermyard  manure 

400  lbs,  ammomum-BaltB  alone  =  86  Iba.  N. 
550  lbs.  nitrate  of  soda  alone  =  86  lbs.  N. 

mixed  mineral  manure  alone 

Mixed  mineral  manure,  and     ) 

200  lbs.  ammonium-salts  —  43  lbs.  N.    ..  ' 

Mixed  mineral  manure,  and     \ 

400  lbs.  ammonium-salts  =  86  lbs.  N.    ..  f 

Mixed  mineral  manure,  and      \ 

550  lbs.  nitrate  of  soda  =  86  lbs.  N.        . .  / 

Mixed  mineral  manure,  and     \ 

600  lbs.  ammonium-salts  =  129  lbs.  K.  .. / 

ba8h.pk8. 
8    ^ 
24    0^ 
17    Oi 
27    2} 
11    2} 

14    2i 
19    Si 
40    0} 
24    3 

lbs. 

68-9 

591 

57-5 

680 

571 

58-2 
59-2 
57-9 
59-2 

lbs. 

548 
1481 
1031 
1654 

688 

876 
1213 
2383 
1510 

lbs. 

748 
2266 
1322 
2540 

882 

1176 
1885 
8852 
2244 

Eetimated  average  for  the  United  Kingdom  | 
reckoned  at  61  lbs.  per  bushel / 

26    2 

61  0 

•  • 

•  t 
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Although  the  yield  of  one  of  the  artificially  manured  plots 
reached  40  bushels  per  acre,  the  quality  of  the  wheat  was 
yery  inferior.  The  produce  of  the  unmanured  and  dunged  land 
was  almost  the  same  as  that  of  ISTG,  being  respectively  8|  and 
24  bushels  per  acre.  The  crop  of  the  country,  although  below 
the  average,  was  estimated  to  be  rather  better  tlian  that  of  1876. 

Thirty-ffth  Season,  1877-78. 

October  was  on  the  whole  a  fine  dry  month,  but  on  the  14th 
there  was  a  great  gale  which  caused  much  damage.  November 
was  wet,  and  another  severe  gale  occurred  on  the  11th. 
December  was  generally  warm,  with  an  average  amount  of  rain. 
The  temperature  of  the  quarter  was  slightly  above,  and  the 
rainfall  slightly  below  the  average.  Up  to  January  25th  the 
weather  was  exceedingly  warm ;  after  that  date  a  cold  period 
set  in  which  continued  until  the  12th  of  February.  From 
February  18th  until  March  13th,  the  weather  was  unusually 
mild,  the  temperature  sometimes  exceeding  60  degrees ;  a  few 
days  of  cold  weather  followed,  succeeded  by  four  days  of  great 
warmth.  On  March  23rd  the  weather  became  bitterly  cold  with 
heavy  falls  of  snow  and  severe  frosts  which  continued  until 
April  10th.  On  that  and  the  following  day  a  great  fall  of  rain 
occurred  amounting  in  some  places  to  two  and  three  inches  in' 
twelve  hours.     The  whole  month  of  April,  after  the  10th,  was 

Tabu  XY. — Summabt  of  the  Bxsitlts  of  the  TmBTT-nrrH  Ssabon, 

1877^78. 


Ploto. 


Manures. 
(QuanttttM  per  Acre.) 


Produce  per  Acre,  he 


Dneeed  Oom. 


Quantity. 


Weight 

per 
Buflhel. 


Total 
Com. 


Straw 

and 

Chaff. 


Unmanured 

14  tons  fiBtfmyard-mannre 

400  Ibe.  ammonium-saltB  alone  =  86  Ibe.  K. 

550  lbs.  nitrate  of  soda  alone  =  86  lbs.  N. 

Mixed  mineral  manure  alone    .. 

Mixed  mineral  manure,  and 

200  lbs.  ammonium-salts  =  43  lbs.  N. 

Mixed  mineral  manure,  and 

400  lbs.  ammonium-salts  =  86  lb&  N. 

Mixed  mineral  manure,  and 

550  Ibe.  nitrate  of  soda  =  86  lbs.  N. 

Mixed  mineral  manure,  and      \ 

600  lbs.  ammonium-salts  =  129  lbs.  K.  ..  / 


::} 
::l 
::l 


buah.pki. 

12  li 

28  1 

27  1} 

23  1^ 

14  1} 

22  3 

31  1 

37  0} 

38  0^ 


Estimated  aTorage  for  the  United  Kingdom^  _ 
reckoned  at  61  lbs.  per  bushel f\ 


0 


Ibi. 

590 

60-9 

59-5 

56-9 

58*8 

60-8 
60-6 
59-2 
60-3 


610 


lbs. 

776 
1890 
1708 
1408 

900 

1446 
2065 
2333 
2469 


Iba. 
1081 
4042 
2762 
2897 
1322 

2944 
4952 
5624 
6178 
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wann  and  wet.  Maj  was  warm  and  wet  up  to  the  15th,  when 
a  cold  period  set  in  which  continued  until  June  19th;  the 
remainder  of  June  was  very  hot.  The  rainfall  of  the  quarter 
was  more  than  13  inches,  being  about  twice  the  ordinary  fall. 
July  was  rather  cold  up  to  about  the  middle  of  the  month,  but 
the  latter  half  was  very  hot,  and  fortunately  dry  weather  pre- 
vailed throughout  the  month.  Some  heavy  thunderstorms 
occnrred  in  the  beginning  of  August  and  the  whole  month  was 
unsettled. 

Although  on  the  nitrate  plots  the  produce  of  grain  did  not 
reach  the  standard  of  1877,  still  the  general  yield  of  the  crop 
was  very  much  better.  The  unmanured  land — which  for  the  last 
three  seasons  had  not  reached  9  bushels — was  over  12  bushels, 
and  the  dunged  plot  yielded  4  bushels  per  acre  over  the  produce 
of  the  last  two  years.  It  was  estimated  that  the  crop  of  the 
country  was  above  the  average. 

Thirty-eixth  Season^  1878-79. 

Up  to  October  21st  the  weather  was  fine  and  warm,  but  on 
the  22nd  it  became  cold  and  wet  and  remained  so  until 
December  6th,  when  severe  frosts  set  in  which  continued  until 
the  26th.     After  this  the  weather  became  unusually  warm. 

The  character  of  the  quarter  may  be  summarised  as  follows. 
A  good  seed  time,  followed  by  intensely  cold,  wet  weather 
which  hardly  ceased  until  the  year  ended.  In  some  days  in 
December  the  temperature  was  17  degrees  below  the  average, 
and  the  whole  month  was  6  degrees  below  the  average. 

January  was  one  of  the  coldest  months  ever  recorded,  the 
thermometer  during  the  whole  month  being  below  32^  F. ;  snow 
covered  the  ground,  the  days  were  nearly  sunless,  and  the  wind 
N.,  N.E.  February  was  also  very  cold,  with  a  great  excess  of 
rain,  and  a  great  deal  of  snow.  March  was  first  warm,  then 
cold,  and  on  the  21st  very  cold  with  snow ;  but  the  last  days 
of  the  month  were  warm.  The  five  months  ending  March  31st 
may  be  described  as  exceedingly  cold  with  much  rain  and 
snow.  The  next  three  months  may  be  summed  up  in  a  few 
words  as  cold,  wet,  and  sunless ;  while  Mr.  Glaisher  further 
informs  uS  that  for  lowness  of  temperature  the  eight  months 
ending  with  June  have  only  been  once  exceeded  during  the 
one  hundred  years  and  upwards  which  have  elapsed  since  the 
first  records  were  kept  at  Greenwich. 

July  was  dull,  cold,  and  sunless  ;  rain  fell  every  day  during 
the  first  half  of  the  month,  and  frequently  afterwards,  sometimes 
mixed  with  snow.  August  was  a  very  cold,  wet  month  ;  there 
were  a  few  warm  days,  during  which  no  rain  fell,  and  there 
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were  a  few  fine  dry  dajs  in  the  earlj  part  of  September,  after 
which  rain  fell  almost  daily  until  the  end  of  the  month. 

Tablb  XVI. — Summary  of  the  Results  of  the  Thibtthsixth  Sbaboh, 

1878-79. 


Manura. 
QuntitieB  pear  Acre.) 

Produce  per  Acre,  kc 

DreaeedGom. 

Total 
Cora. 

Straw 

and 

Cbaff. 

Plots. 

Quantity. 

Weight 

per 
BurtheL 

3 
2 

10a 
9b 
5a  &b 

6a&  b| 

7a  &  b| 

9a    1 

8a&b| 

Unmannred        

14  tons  fiarmyard-mannre 

400  lbs.  ammonimnHaalts  alone  —  86  Ibe.  N. 
550  lbs.  nitrate  of  soda  alone  =  86  lbs.  N. 

Mixed  mineral  manure  alone 

Mixed  mineral  manure,  and     \ 

200  lbs.  ammonimn-Balts  =  43  lbs.  N.    ..  / 

Mixed  mineral  manure,  and     m\ 

400  lbs.  ammonium-Ealts  =  86  lbs.  N.    . .  / 

Mixed  mineral  manure,  and     \ 

550  lbs.  nitrate  of  soda  =  86  lbs.  N.       . .  / 

Mixed  mineral  manure,  and     \ 

600  lbs.  ammonium-salts  =  129  lbs.  K.  ../ 

budLpto. 
4    2i 
16    0 
8    8} 

4  2i 

5  2} 

10    2 
16    1 
21    3i 
20    21 

lbs. 

52-5 

56-8 

48*9 

49-8 

53-5 

56-5 
66-7 
56-5 
56-5 

lbs. 
330 
1064 
272 
345 
384 

691 
1051 
1462 
1351 

Ibe. 

763 
2239 

889 
1070 

855 

1592 
8012 
4347 
4176 

Estimated  average  for  the  United  Kingdom) 
reckoned  at  61  lbs.  per  bufihel / 

15    2 

610 

a. 

•• 

We  have  already  written  so  fully  upon  the  crop  of  1879  in  the 
Journal  of  this  Society,  vol.  zvi.  part  i.  1880,  that  it  will  be  suffi- 
cient to  say  here,  that  it  was  not  only  by  far  the  worst  crop  grown 
during  the  forty  years  of  our  experiments,  but  it  was  certainly 
the  worst  grown  in  Great  Britain  since  the  year  1816.  It  will 
be  enough  to  give  one  instance.  On  plot  7  the  yield  in  1863 
was  53^  bushels  per  acre,  while  the  same  manure  in  1879  was 
only  competent  to  produce  16^  bushels !  It  was  estimated  that 
the  crop  of  the  country  was  not  much  more  than  half  an  average 
one. 

TlixHy-seventh  Season^  1879-80. 

October  was  both  cold  and  sunless,  but  at  the  same  time 
exceedingly  dry.  November  and  December  were  also  both 
cold  and  dry ;  there  is,  in  fact,  no  record  of  so  cold  a  December 
since  the  beginning  of  the  century.  January  was  exceedingly 
cold  and  dry,  hardly  any  rain  falling  from  the  beginning  to  the 
end  of  the  month.  February  was  warm,  with  a  rainfall  over  the 
average.  March  was  warm  during  the  first  half  of  the  month, 
and  afterwards  cold,  but  very  dry.  April  was  alternately  cold 
and  warm,  the  latter  predominating ;  the  rainfall  was  slightly 
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over  an  average,  which,  following  so  dry  a  March,  was  very 
beneficiaL  May  was  cold  and  dry,  the  nights  being  very  cold, 
and  vegetation  was  backward.  June  was  very  cold  and  un- 
settled during  the  first  half  of  the  month ;  afterwards  the 
weather  became  warmer,  and  from  the  19th  to  the  26th  thunder- 
storms were  frequent,  with  heavy  rain  and  hail  which  greatly 
damaged  the  crop. 

July  was  dull,  unsettled,  and  wet.  Thunderstorms  were 
frequent  from  the  14th  to  the  16th.  The  fall  of  rain  was  in 
some  places  over  3  inches ;  while  in  others  hailstorms  occurred, 
which  did  considerable  injury  to  the  crops.  Up  to  August  8th 
the  weather  was  cold  and  wet,  but  after  this  date  it  was  fine  to 
the  end  of  the  month.  The  first  week  in  September  was  very 
fine  and  hot,  but  during  the  rest  of  the  month  there  was  a  great 
deal  of  wet. 

Tablb  XVn. — SnuMABT  of  the  Besultb  of  the  Thibtthsxvsnth  Sbason, 

1879-80. 


(QuanUties  per  Asn.) 

ProduoB  p6r  AgtBi  &c. 

PloU. 

Dreflsed  Gem. 

Totel. 
Oora. 

Stimw 

and 

Cbafl: 

Wdgbt 

per 
BoBheL 

3 
2 

10a 
9b 
5a&b 

GaA  b{ 
7a&ii| 

8a&b[ 

Unmannred 

14  tons  ftirmyard-manate 

400  lbs.  ammoninm-salts  alone  =  86  lbs.  N. 
550  Ibfl.  nitrate  of  soda  alone  =  86  lbs.  N. 

Mixed  mineral  manure  alone 

Mixed  mineral  manure,  and      'i 

200  lb&  ammoninm-aaita  =  43  lbs.  K.    ..  / 

Mixed  mineral  manure,  and      1 

400  lbs.  ammoninm-salts  =  86  lbs.  K.    ..  f 

Mixed  mineral  manure,  and     \ 

550  lbs.  nitrate  of  soda  =  86  lbs.  N.       ..  / 

Mixed  mineral  manure,  and     S 

600  lbs.  ammoninm-salts  -  129  lbs.  N.  ..  / 

bii8h.pk8. 
11     2 
38     1} 
10    2i 
10    If 
17    2} 

26    8i 

34  2 
84    Oi 

35  li 

lb0. 

56-9 

60-2 

54-9 

53-5 

59-2 

59*8 
59-8 
57-8 
691 

lbs. 

689 
2373 

645 

654 
1088 

1664 
2149 
2130 
2203 

lbs. 
1149 
3902 
1242 
1420 
1735 

2911 
4006 
4394 
4476 

Estiiiiated  avetage  for  the  United  Kingdcnn^ 
reckoned  at  61  lbs.  per  bushel / 

30    0 

61  0 

■  • 

•  • 

The  wheat  crop  of  1880  gave  a  higher  produce — 38  bushels 
per  acre — on  the  plot  which  receives  farmjard-manure  than  was 
obtained  upon  anj  of  the  artificially  manured  plots.  The 
]arge  store  of  latent  fertility  in  the  dunged  plot — which  may 
become  active  whenever  the  season  is  favourable — ^makes  the 
yield  of  wheat  on  this  pfot  subject  to  fluctuations  of  a  different 
character  from  those  of  the  other  manured  plots.  The  estimated 
yield  of  the  crop  of  the  country  jvas  rather  above  the  average. 
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Thirty-eiffhth  Seasonj  1880-81. 

October  was  excessively  cold  and  wet.  On  the  20th  there 
was  a  heavy  snowstorm,  which  was  however  much  heavier  in 
the  south  of  England  than  elsewhere.  The  wheat  was  got  in 
with  great  difficulty,  and  much  land  was  left  unsown.  November 
was  alternately  cold  and  warm,  and  rain  fell  every  day  from  the 
8th  to  the  26th.  December  was  a  mild  month,  and  the  first 
half  was  dry,  after  which  the  rain  was  continuous  until  the  end 
of  the  year. 

The  first  few  days  in  January  were  fine,  after  which  very  bad 
weather  set  in  and  snow  fell  on  every  day  except  one  from  the 
9th  to  the  27th.  February  was  a  wet,  cold,  and  gloomy  month 
with  frequent  falls  of  snow.  March  was  cold  at  the  beginning  and 
at  the  end  of  the  month,  but  warm  between  the  4th  and  the  20th. 
The  rainfall  of  the  month  was  slightly  below  the  average.  The 
quarter  was  remarkable  for  the  great  falls  of  snow.  April  was 
a  very  dry  month ;  cold  at  the  beginning,  warm  from  the  10th 
to  the  18th,  and  moderately  cold  afterwards..  May  was  generally 
cold,  and  on  the  10th  and  11th  a  very  severe  frost  occurred, 
causing  great  damage  to  the  crops.  The  weather  was  afterwards 
variable  but  on  the  whole  cold.  June  was  alternately  cold  and 
hot,  the  temperature  of  the  month  being  about  equal  to  the 
average,  while  the  rainfall  was  slightly  below  the  average. 

Tabli  XYin. — SuxMABT  of  the  Bxsults  of  the  TmBTT-EioBTH  Sbason, 

1880-81. 


Manons. 
(QnoiiUtieB  per  Acre.) 

Produce  per  Acre,  ke. 

Plots. 

DreoMdOorn. 

Total 
Oora. 

QiiAiitlty. 

Weight. 

per 
BnsheL 

Dinw 

and 

Ohair. 

8 
2 

10a 
9b 

5a  A  B 

> 

6a  &  B 

• 
7a&b{ 

8a&b| 

Unmaanred 

14  tons  faixnyard-manure          

400  lbs.  anunonium-Balts  alone  =  86  lbs.  N. 
550  lbs.  nitrate  of  soda  alone  =  86  lbs.  N. 

Mixed  mineral  manure  alone 

Mixed  mineral  manme,  and     \ 

200  lbs.  ammonimn-aaltB  —  43  lbs.  N.     .. 

Mixed  mineral  mannre»  and     \ 

400  lb&  ammoninm-saltB  -  86  lbs.  N.    . .  / 

Mixed  mineral  manure,  and     \ 

550  lbs.  nitrate  of  soda  =  86  lbs.  N.       ..  / 

Mixed  mineral  manure,  and     \ 

600  Iba.  ammonium  salts  -  129  lbs.  N.  ../ 

boalupki. 
18    8 
30    0} 
18    0} 
22    8 
12    2} 

21    2} 
26    2| 
85    1| 
80    2} 

lbs. 

58-0 

58-9 

58-4 

58-5 

57-9 

67-8 
58-8 
58-4 
591 

lbs. 

863 
1H07 
1168 
1424 

806 

1858 
1714 
2271 
1962 

Ibe. 
1146 
2367 
1297 
1817 

903 

1629 
2208 
8640 
2906 

EBtimated  average  for  the  United  Kingdom'l 
reofconed  at  61  lbs.  per  bushel / 

24    0 

61  0 

9  • 
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Jalj  was  a  month  remarkable  for  the  variations  of  temperature 
in  Great  Britain;  in  some  districts  the  temperature  exceeded 
90,  and  for  days  together  80,  while  in  others  the  month  was 
cold,  doudj,  and  wet.  In  the  wheat-districts  it  may  be  said 
to  have  been  a  very  hot  and  dry  month.  The  first  week 
in  Ajigost  was  fine  and  dry,  after  which  the  weather  to  the 
end  of  the  month  was  cold  with  almost  constant  rains,  which 
did  considerable  injury  to  the  wheat.  The  crop  of  the  country 
was  several  bushels  below  the  average. 

Thirty-ninth  Season^  1881-82. 

October  was  excessively  cold,  with  violent  gales,  and  rainfall 
slightly  below  the  average.  November  was  exceedingly  warm, 
with  rainfall  also  slightly  below  the  average.  December  was 
alternately  warm  and  cold,  the  temperature  and  the  rainfall 
being  about  the  average. 

January  was  excessively  warm  and  dry,  spring  flowers  being 
in  bloom.  February  and  March  were  also  both  warm  and  dry, 
and  vegetation  was  very  forward;  indeed,  from  November  to 
the  end  of  March  the  weather  may  be  described  as  being  most 
favourable  for  the  crops.  April  was  generally  warm  until 
towards  the  end  of  the  month,  with  more  than  an  average  rain- 

Tablb  XIX. — SuiiHABT  of  the  Bbsults  of  the  Thibtt-iiinth  Sbasom, 

1881-82. 


(QnaatideB  per  Acre) 

Prodooe  per  Acre,  te. 

PItfta. 

DreeeedOom. 

Total 
Gom. 

straw 

and 

Cfaaff. 

Qnantity. 

Weight 

per 
Biuhe]. 

3 
2 

10a 
9b 

5AftB 
6Aft  B 

7a  &B 

9a 

SaAb/ 

UnmaniiTed 

14  ions  fiannyaid-mannre 

400  Ibe.  ammoninm-aaltB  alone  —  86  Ibe.  K. 
550  lbs.  nitrate  of  soda  alone  =  86  lbs.  N. 

Mixed  mineral  manure  alone 

Mixed  mineral  mannre,  and     \ 

200  lbs.  ammonium-salts  =  43  Ibe.  N.    . .  / 

Mixed  mineral  manure,  and     \ 

400  lbs.  ammonium-salts  =  86  lbs.  K.     . .  / 

Mixed  mineral  manure,  and      \ 

550  lbs.  nitrate  of  soda  =  86  lbs.  N.        . .  / 

Mixed  niineral  manure,  and      \ 

600  lbs.  ammonium-salts  =  129  lbs.  N.   ../ 

bnilLplDs. 
10    Si 
32    2{ 

23  2{ 

24  li 
12    2 

23    0} 
35    3i 
31    3i 
37    0 

Ibe. 

58-7 

59-6 

60-7 

58-0 

58-5 

60-8 
600 
59-8 
591 

lbs. 

679 
2004 
1557 
1520 

777 

1467 
2251 
2012 
2323 

lbs. 
1095 
8993 
2796 
8617 
1281 

2919 
5730 
6274 
7110 

Estimated  ayerage  for  the  United  Eingdom| 
reckoned  at  61  lbs.  per  buithel / 

25    2} 

61-0 

•  • 
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fall.  Maj — except  during  one  week  at  the  commencement — 
was  a  warm  and  growing  month,  and  the  rainfall  was  less  than 
the  average.  June  was  cold  and  unseasonable  throughout,  with 
an  excess  of  rain  which  seriously  damaged  the  luxuriant  crop 
of  hay.  July  was  cold,  wet,  and  ungenial,  and  this  weather, 
following  upon  a  cold  and  wet  June,  seriously  interfered  with 
the  ripening  of  the  com.  The  beginning  of  August  was  fine, 
followed  by  cold  and  showery  weather  on  the  14th ;  the  rainfall 
was,  however,  low. 

The  produce  of  this  crop,  on  the  whole,  does  not  differ  much 
from  that  of  1881.  It  may  be  observed,  however,  that  while 
the  yield  of  the  nitrate  of  soda  plots  was  not  widely  different  in 
the  two  years,  the  salts  of  ammonia  gave  very  much  more  produce 
in  the  present  year. 

Fortieth  Season,  1882-83. 

The  first  half  of  October  was  warm,  the  second  half  cold,  and 
the  whole  month  was  excessively  wet.  In  consequence,  the 
wheat  was  got  in  very  badly.  November  was  alternately  warm 
and  cold,  with  an  average  rainfall.  The  land  was  very  wet  all 
the  month.  The  first  half  of  December  was  very  cold,  the 
second  half  was  warm,  snow  fell  frequently,  and  the  rainfall 
was  over  the  average.  January  was  warm  throughout,  with 
a  great  deal  of  rain  and  heavy  storms  from  the  24th  to  the  28th. 
February  was  mild  throughout  the  month,  with  excessive  wet 
during  the  first  three  weeks.  After  March  6th  the  temperature 
was  very  cold  and  dry,  and  what  little  moisture  fell  was  in  the 
form  of  snow.  The  beginning  of  April  was  warm,  but  from 
the  9th  to  the  25th  the  weather  was  cold,  snow  falling  on 
several  days.  Both  March  and  April  were  favourable  for 
farming  operations. 

The  first  twelve  days  of  May  were  cold,  after  which  the 
weather  was  fine  and  warm  until  the  end  of  the  month.  June 
was  an  unsettled  month,  being  first  warm,  then  cold  and  warm 
alternately.  It  was  very  cold  from  the  15th  to  the  22nd,  and 
unsettled  to  the  end  of  the  month.  The  rainfall  was  below  the 
average.  July  was  fine  and  warm  until  the  10th,  the  remainder 
of  the  month  was  cold  and  unsettled,  with  rain  a  little  above 
the  average.  August  was  cold  at  the  beginning,  and  warm 
generally  afterwards,  with  a  good  deal  of  bright  summer 
weather  and  but  little  rain.  September,  which  is  usually  a 
good  harvest  month,  was  generally  favourable  except  in  the 
north. 

Although  the  yield  of  this  crop,  both  on  the  unmanured, 
and  on  the  variously  manured  plots  was  considerably  over  an 
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average,  it  was  not  considered  that  more  than  an  average  crop 
was  grown  throughout  the  country. 

Tablb  XX. — SuMMABT  of  the  Bbsults  of  the  Fobtibth  Season,  1882-83. 


Plots. 


8 
2 

10a 
9b 
5a  &  B 

6a  &  B 
7a  ft  B 


Manores. 
(QoAatitieB  per  Acre.) 


% 


9a 

8a  &  b| 


Unmannred 

14  tons  farmyard-maimTe  .. 

400  lbs.  ammoniam-salts  alone  =  86  lbs.  N. 

550  lbs.  nitrate  of  soda  alone  =  86  lbs.  N. 

Mixed  mineral  manure  alone 

Mixed  mineral  manure,  and      

200  Ibfi.  ammonium  salts  =  43  lbs.  N.     . 

Mixed  mineral  manure,  and      

400  lbs.  ammonium-salts  =  86  lbs.  N.    . 

Mixed  mineral  manure,  and     

550  lbs.  nitrate  of  soda  =  86  lbs.  N. 

Mixed  mineral  manure,  and      .. 

600  lbs.  ammonium-salts  =  129  lbs.  N.  \ 


Produce  per  Acre,  ftc. 


Estimated  average  for  the  United  Kingdom  V 
reckoned  at  61  lbs.  per  bushel /i 


DreieedOom. 

ToUl 

Weight 

Com. 

Qoanmy. 

per 

BuaheL 

boah-pkBi 

llM. 

Um. 

18 

H 

61*2 

872 

85 

Of 

62*4 

2244 

17 

2 

60-4 

1196 

19 

0^ 

59-6 

1337 

15 

2} 

61-9 

1009 

27 

2i 

62*8 

1781 

36 

0* 

62-9 

2378 

43 

1* 

621 

2905 

41 

8i 

63-5 

2783 

28 

0 

61  0 

. . 

Straw 

and 

Chair. 


Ibe. 
1006 
2930 
1419 
1684 
1138 

2605 
3632 
5127 
4291 


Best  and  Worst  Seasons. 

Every  one  engaged  in  farming  knows  that  the  growth  of  his 
crops  is  dependent  upon  the  weather;  still,  the  treatment  of 
land  in  common  practice  is  not  so  uniform  as  to  enable  any  one 
to  measure  the  influence  of  climate  upon  any  particular  crop. 
To  do  this  the  crop  must  be  grown  continuously  upon  the  same 
land,  and  no  change  must  be  made  in  the  manures  applied. 

During  the  period  of  forty  years  that  has  elapsed  since  the 
commencement  of  the  continuous  wheat  crop,  it  is  probable  that 
we  have  experienced  fluctuations  of  season  as  great  as  are  likely 
to  occur  in  any  similar  period.  In  the  following  table  (p.  38) 
will  be  found  the  produce  of  selected  plots,  in  the  year  of  the 
greatest  produce,  1863,  and  in  that  of  the  worst  produce  in 
1879,  together  with  the  average  produce  of  the  period  of  thirty- 
two  years. 

The  reason  for  giving  the  average  of  the  last  32  years, 
instead  of  that  of  the  whole  period  of  40  years,  is  that  in  the 
early  years  of  the  experiments  some  changes  in  the  manures 
applied  took  place  on  certain  plots,  while  for  the  last  32 
years,  the  same  manures  have  been  used  almost  without  change. 
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Tablb  XXL — Showing  the  Pboduob  of   the   Bbbt    Season,  1863,  the 
W0B8T  Season,  1879,  and  the  Ayebagb  of  32  Ybabb,  1852-1883. 


Plot 

KOB. 


DeecriptloD  of  Mamuea. 
Qnantlties  per  Acre. 


Beet 

Season, 

1863. 


Worst 

Season, 

1879. 


Differ, 
ence. 


ATCniige 
32  Years, 
1852-'83. 


Dbessed  Gbain,  per  Agrb— Bushels. 


3 
2 
5 
6 

7 
9 
8 


Unmantired •«     ..     •• 

Faimyard-maniiie      

Siixed  mineial  manure  alone    ». 
Mix.  min.  man.  &  200  lbs.  am.-salt8  =  43  lbs.  N. 
Mix.  min.  man.  &  400  lbs.  am.-salte  ^  86  lbs.  N. 
Mix.  min.  man.  &  550  lbs.  nitr.'«oda  =  86  lbs.  N. 
Mix.  min.  man.  k  600  lbs.  am.-Balt8  =  129  lbs.  N. 


Weight  fee  Bushel  of  Dbessed  Grain — ^lbs. 


8 

TTnmannYed  n-      ,*     *t     .#      t-     »*     ** 

62-7 
631 
63-0 

52-5 
56-8 
53-5 

10-2 
6-3 
9-5 

58-8 

2 

60-0 

5 

Mixed  mineral  manure  alone    ..     . 

.            •  a            •  * 

68-7 

6 

Mix.  min.  man.  k  200  lbs.  am.-salts  = 

=  431b&N. 

62-3 

66-5 

5-8 

59*5 

7 

Mix.  min.  man.  &  400  lbs.  toi.-8alt8  = 

=  86  lbs.  N. 

62-5 

56-7 

5  8 

59-5 

9 

Mix.  min.  man.  &  550  lbs.  nitr.-soda  : 

=  86  lbs.  N. 

621 

56-5 

5-6 

58-7 

8 

Mix.  min.  man.  &  600  lbs.  am.-8alts  = 

=  129  lbs.  N. 

62-8 

56-5 

6-8 

59-2 

Straw  (and  Chaff)  fee  Aobb— lbs. 


3 

Unmannred 

1600 

763 

837 

1272 

2 

FarmTard-mannre      

Mixed  mineral  manure  alone 

4279 

2289 

2040 

3570 

5 

1728 

855 

873 

1464 

6 

Mix.  min.  man.  &  200  lbs.  am.-Balt8  =  43  lbs.  N. 

3715 

1592 

2123 

2512 

7 

Mix.  min.  man.  &  400  lbs.  am.-salts  =  86  lbs.  N. 

5866 

3012 

2854 

3771 

9 

Mix.  min.  man.  &  550  lbs.  nitr.-soda  —  86  lbs.  N. 

6312 

4347 

1965 

4688 

8 

Mix.  min.  man.  &  600  lbs.  am.-salt8  -  129  lbs.  N. 

6602 

4176 

2426 

4532 

Total  Produce  (Grain  and  Straw)  per  Acre— lbs. 


3 
2 
5 
6 

7 
9 
8 


Unmannred         

Farmyard-manure       

Mixed  mineral  manure  alone 

Mix.  min.  man.  &  200  lbs.  am.*salts  =  43  lbs.  N. 
Mix.  min.  man.  &  400  lbs.  am.-6alts  =  86  lbs.  N. 
Mix.  min.  man.  &  550  lbs.  nitr.-soda  =  86  lbs.  N. 
Mix.  miu.  man.  &  600  lbs.  am.-salts  =  129  lbs.  N. 


2,727 

1093 

1634 

7,165 

3303 

3862 

3,017 

1238 

1779 

6,243 

2283 

3960 

9,358 

4063 

5295 

9,888 

5809 

4079 

10,216 

5527 

4689 

2090 
5689 
2421 
4029 
5845 
6982 
6832 
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In  the  jear  1863,  the  produce  of  the  unmanured  land  was 
17^  bushels ;  and  in  the  worst  jear,  1879,  it  was  4f  bushels. 
As  previous  to  the  year  1863,  19  unmanured  crops  had  been 
alreadj  taken,  the  produce  obtained  was  not  the  largest  which 
had  been  grown ;  and  it  is  quite  probable  that  had  the  season  of 
1863  occurred  at  the  beginning  of  the  period,  the  jield  would 
have  been  considerably  over  20  bushels.  As  it  was,  the  yield 
of  1863  was  equal  to  the  average  of  the  first  8  years. 

In  1879  the  yield  without  manure  was,  as  we  have  mentioned, 
only  4f  bushels  per  acre,  with  a  weight  of  52^  lbs.  per  bushel, 
or  about  one-third  of  the  average  produce  of  the  plot  during 
the  whole  period  of  40  years. 

The  produce  of  the  land  receiving  14  tons  of  dung  every  year 
was,  in  1863, 44  bushels,  and  in  1879, 16  bushels  per  acre ;  a  dif- 
ference of  28  bushels  per  acre  between  the  best  and  worst  seasons. 

Contrary  to  what  might  be  expected,  the  produce  on  the  land 
receiving  dung,  while  it  falls  greatly  in  yield  in  a  bad  season, 
does  not  rise  as  rapidly  in  yield  in  a  very  favourable  season. 
This  will  be  seen  more  clearly  by  a  comparison  with  the 
land  which  receives  artificial  manures.  We  find  that  plot  7, 
receiving  mineral  manures  and  salts  of  ammonia,  gave  in  1879 
a  crop  exactly  the  same  as  that  of  the  dung — 16  bushels  per 
acre ;  and  we  also  find  that  the  average  produce  of  the  32  years 
is  almost  identical  in  both  cases,  one  being  32|  bushels,  and 
the  other  33  bushels  per  acre.  But  in  the  favourable  season  of 
1863,  we  find  that  while  the  dung  gave  only  44  bushels  per 
acre,  the  artificial  manures  gave  a  produce  of  53f,  an  excess 
of  nearly  10  bushels  per  acre. 

It  is  evident,  therefore,  that,  under  the  most  favourable  cli- 
matic circumstances,  the  artificial  manure  is  competent  to  give 
a  much  larger  crop,  both  of  com  and  straw,  than  the  dung. 

In  the  same  year  (1863),  plot  9,  which  received  an  equivalent 
amount  of  nitrogen  in  the  form  of  nitrate  of  soda  to  that  supplied 
in  the  salts  of  ammonia  on  plot  7,  gave  a  slightly  higher  pro- 
duce, the  yield  amounting  to  55^  bushels  per  acre ;  and  of  total 
produce  (corn  and  straw),  this  plot  gave  considerably  more  than 
one  ton  per  acre  in  excess  of  the  yield  on  the  dunged  plot. 

To  sum  up,  we  find  that  with  the  heaviest  artificial  manuring 
(plot  8),  35j(  more  bushels  per  acre  of  wheat,  and  more  than 
2  tons  per  acre  more  gross  produce  (com  and  straw),  were 
grown  in  the  most  favourable  season,  as  compared  with  the 
produce  g^own  by  the  same  manures  in  the  worst  season. 

The  Permanently  Unmanured  Hot. 

The  last  time  this  land  received  any  manure  was  in  1839. 
The  crop,  which  was  then  turnips,   was  followed  by  barley, 
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peas,  wheat,  and  oats,  the  last  four  crops  being  grown  without 
any  manure  whatever.  In  the  event  of  a  failure  of  the  clover- 
crop,  such  a  course  would  not  a't  that  period  have  been  unusual 
in  the  district,  although  in  those  dajs  a  top-dressing  of  soot 
would,  in  all  probability,  have  been  applied  to  the  wheat.  In 
this  case,  however,  it  was  not  applied ;  and,  even  if  it  had  been 
applied,  the  land  after  the  oat-crop  would  be  considered,  agri- 
culturally speaking,  to  be  exhausted. 

It  was  at  this  period  that  the  Rothamsted  experiments  were 
commenced,  for  the  purpose  of  ascertaining  what  amount  of 
crop  the  land  would  yield  in  wheat,  without  the  aid  of  manure. 
The  cultivation  has  been  throughout  of  the  most  simple  descrip- 
tion, and  no  attempt  has  been  made  to  increase  the  crop  by 
deep,  or  subsoil  ploughing.  The  land  has,  however,  been  kept 
free  from  weeds. 

In  the  following  table  will  be  found  a  summary  of  the  results, 
given  in  4  periods  of  10  years  each : — 

Tabus  XXII. — Showing  the  Avebaob  Numbeb  of  Bushbls  of 
Dbbssed  Gobn  per  Aobb,  the  Weight  per  Bushel,  and  the  Total 
Pboduob  (Cobn  and  Stbaw),  per  Aobe,  of  the  Febmaiobntlt 
Unmanubed  Land,  over  Foub  Pbbiods  of  Ten  Yeabs  each. 


Bushels  of 

I>re88ed 

Com  per 

Acre. 

Weight  per 

Bushel 

lbs. 

Total  Prodace 

(Com  and 
Straw)  In  lbs. 

Mean  of  10  yeare.  1844-1853 

Mean  of  10  year.*,  1854  -1863 

Mean  of  10  years,  1864-1873 

Mean  of  10  years,  1874-1883 

15i 
16} 
12| 
lOJ 

58-25 
57-57 
68-97 
58-25 

2711 
2728 
1924 
1614 

Mean  of  40  years     

14 

58-26 

2244 

We  have  already  noticed  the  number  of  fine  wheat  seasons 
which  occurred  during  the  second  10  years  of  the  experiments,  and 
we  may  further  mention  that  the  effect  of  these  favourable  seasons 
was  sufficient  to  make  the  yield  of  grain  of  the  second  10  years 
of  unmanured  wheat  slightly  higher  than  that  of  the  first  period, 
the  average  of  the  dressed  com  per  acre  in  the  first  period  being 
15},  and  in  the  second  period  16  J  bushels  per  acre.  The  total 
produce  (corn  and  straw),  which  is  a  much  more  accurate  measure 
of  the  available  fertility  of  a  soil  than  the  grain  alone,  is  also 
slightly  higher  over  the  second  period,  with  its  more  favourable 
seasons,  than  over  the  first. 

In  the  third  period  of  10  years,  the  average  decline  is  very 
decided,  the  average  produce  for  the  10  years  being  less  than 
13  bushels  per  acre,  or  nearly  4  bushels  below  the  produce  of  the 
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previous  10  years.     In  the  fourth  period  of  10  years,  the  average 
produce  was  only  10^  bushels  per  acre. 

It  is  well  known  to  all  those  connected  with  the  land  in 
Great  Britain  that  the  seasons  have  latterly  been  most  unfa- 
vourable for  the  growth  of  wheat.  It  is  therefore  evident  that 
the  produce  of  the  last  10  years  does  not  correctly  represent  the 
reduction  due  to  exhaustion  of  the  soil  alone.  This,  indeed,  is 
proved  by  the  fact  that,  under  the  influence  of  a  rather  better 
season,  the  produce  of  the  last  year,  1883,  was  13f  bushels 
per  acre,  which  very  nearly  represents  the  average  yield  of  the 
40  crops. 

In  our  paper  on  ^'  Home  Produce,  Imports,  and  Consump- 
tion," we  made  some  attempts  to  calculate  what  was  the  annual 
decline  in  the  produce  due  to  exhaustion — ^irrespective  of  vari- 
ations due  to  good  or  bad  seasons — and  it  would  appear  probable 
that,  up  to  a  certain  period,  the  decline  might  amount  to  about 
^  of  a  bushel  per  acre  per  annupi— equal  to  a  gross  produce 
in  com  and  straw  of  40  lbs.  per  acre. 

It  is  evident,  however,  that  with  each  decline  the  reduction 
will  become  less  and  less.  Atmospheric  influences,  and  even 
the  small  amount  of  ammonia  brought  down  in  the  rain,  will 
form  a  larger  factor  upon  a  declining  crop.  It  is  evident, 
therefore,  that  the  actual  process  of  the  exhaustion  of  the  soil 
differs  considerably  from  all  the  preconceived  ideas  upon  the 
subject.  The  soil,  in  fact,  not  only  contains  more  fertility,  but 
also  holds  it  with  a  much  firmer  grasp,  and  parts  with  it  less 
readily  than  we  had  previously  imagined. 

The  average  amount  of  total  produce  (com  and  straw)  re- 
moved has  been  1  ton  per  acre,  containing  nearly  1900  lbs. 
of  absolutely  dry  matter ;  and  we  have  very  strong  evidence, 
derived  from  other  experiments  in  the  field,  to  prove  that  the 
carbon,  indeed  a  large  proportion  of  the  organic  matter,  is  derived 
from  the  atmosphere,  while  the  nitrogen  and  the  mineral 
matters  are  taken  from  the  soil.  This  would  divide  the  pro- 
ducts into  from  94  to  95  per  cent,  atmospheric  constituents 
(including  water),  and  from  5  to  6  per  cent,  soil  constituents. 

The  average  amount  of  soil  constituents  (minerals  and  ni- 
trogen) annually  removed  by  this  unmanured  wheat  crop  is 
from  100  lbs.  to  120  lbs.  per  acre  ;  and  of  the  three  most  im- 
portant constituents  of  plant  growth  there  have  been  removed 
about  17  lbs.  of  potash,  10  lbs.  of  phosphoric  acid,  and  20  lbs. 
of  nitrogen. 

Such  are  the  results  obtained  up  to  the  present  time,  and 
they  may  be  summed  up  as  follows: — Upon  a  field  which 
has  been  under  arable  cultivation  certainly  for  two  or  three 
centuries — and  possibly  for  a  much  longer  period — and  which 
has    consequently   lost   a    very    considerable    amount   of    its 
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original  fertility,  we  find — after  the  removal  of  40  unmanured 
crops — a  jield  which  differs  very  little  from  the  average  of 
some  of  the  great  wheat-growing  countries  of  the  world :  the 
yield  of  the  United  States,  India,  and  China  being,  it  is  stated, 
from  12  to  13  bushels  per  acre. 

Now  the  Rothamsted  soil  certainly  contains  a  very  much  less 
stock  of  fertility  than  the  soils  upon  which  wheat  is  extensively 
grown  in  other  countries.  It  is  therefore  impossible  to  attribute 
the  comparatively  large  yield  in  our  experimental  crops  to  any 
other  cause  than  to  the  clean  state  of  the  land.  The  amount  of 
food  at  the  disposal  of  the  plant  is  small,  but  it  is  not  shared 
to  any  great  extent  with  other  plants. 

By  way  of  illustration  of  what  may  occur  where  the  land  is 
not  kept  clean,  we  may  mention  that  last  autumn  a  portion  of 
the  crop  at  the  top  of  our  wheat  field  was  left  standing  and 
allowed  to  shed  its  seeds,  the  soil  not  being  disturbed  in  any 
way.  About  14  bushels  per  acre  fell  upon  the  land,  and  up  to 
a  certain  period  the  self-sown  wheat  was  fairly  plentiful.  By  this 
time,  however, — less  than  one  year — the  weeds  have  almost 
destroyed  the  crop ;  and  if  the  seed  is  left  to  sow  itself  again, 
it  is  very  probable  that  every  plant  will  be  driven  out  before 
next  summer. 

The  large  produce  of  both  wheat  and  barley  on  the  un- 
manured land  in  the  Wobum  experiments,  also  shows  how  much 
the  crops  grown  upon  the  ordinary  cultivated  land  of  the  country 
are  reduced  by  weeds.  It  is  true  that  weeds  do  not  exhaust  a 
soil,  as,  in  their  decay,  the  fertility  which  they  have  taken  up 
becomes  again  available ;  but  they  take  up  nitric  acid,  which, 
during  their  growth,  reverts  to  the  form  of  organic  nitrogen. 

When  this  occurs  in  regard  to  the  soil-nitrogen,  it  is  merely 
so  much  nitric  acid  employed  in  growing  weeds  instead  of 
wheat ;  but  when  active  nitrogen,  as  in  salts  of  ammonia,  or 
nitrate  of  soda,  has  been  applied  to  the  land,  the  loss  is  much 
more  serious.  A  high  price  is  paid  for  these  substances,  in 
consequence  of  the  nitrogen  they  contain  being  in  a  very  active 
form,  competent  to  produce  crop  growth ;  whereas  if  weed 
growth  takes  place  instead,  the  purchased  nitrogen  does  not 
become  available  as  food  for  the  crop  until  the  weeds  decay. 

Mineral  Manures  unthout  Ammonia. 

In  our  previous  paper  on  the  Growth  of  Wheat  we  were  only 
able  to  give  the  produce  of  this  plot  for  12  years,  as  during  the 
first  8  years  of  the  experiment  manures  containing  ammonia 
had  been  used  In  considerable  quantities.  We  are  now  able  to 
give  the  produce  of  this  plot  for  32  years,  during  which  period 
a  liberal  supply  of  all  the  necessary  mineral  food  of  the  wheat 
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crop  has  been  placed  upon  the  land  eyery  year,  while  for  its 
nitrogen  the  crop  has  been  left  dependent  upon  the  supplies  fur- 
nished by  the  soil  and  atmosphere. 

In  the  following  table  will  be  seen  the  produce  of  this  plot 
for  4  periods  of  8  years  each,  and  for  the  total  period  of  32 
years :  and,  for  comparison,  there  is  also  given  the  produce  of 
the  permanently  unmanured  plot  over  the  same  periods. 

Tablx  XXTL — Showing  the  Ateraob  Pbodvob  of  Dbxssbd  Cobh, 
and  Total  Pboduoi  (Oobn  and  Stbaw),  per  acre,  on  Plot  8  (the 
Pbbxansntlt  UNMANTrnxD  Plot),  and  Plot  5,  which  has  received 
MixxD  MoYSBALB  for  a  period  of  82  Ybabs,  oyer  4  periods  of 
8  Tbabs  each,  and  oyer  the  total  period. 


Dressed  Oorn. 

Total  Prodooe  (Gom  snd  Straw). 

without 

Manore, 

Plots. 

Mixed 

Minerals, 

Plots 

Without 

Manure, 

Plots. 

Mixed 

Minerals, 

Plots. 

8  yean,  1852-1859    ..     .. 
8  yeBTB,  1860-1867    ..      .. 
8  yeftTH,  1868-1875    ..     .. 
8  years.  1876-1888   ..     .. 

Imahels. 

12J 
lOi 

boBhels. 
19 
15J 
14 
12| 

lbs. 
2736 
2183 
1833 
1610 

lbs. 
8191 
2450 
2144 
1899 

32  years,  1852-1883    ..     .. 
40  yean,  1844-1888    ..     .. 

1^ 

15J 

•• 

2090 
2244 

2421 

•• 

During  the  first  8  years  of  the  experiments  (1844-1851), 
plot  5  receiyed  salts  of  ammonia,  as  well  as  mineral  manures, 
and  the  ayerage  produce  of  wheat  during  those  8  seasons  was 
29  bushels  per  acre,  or  nearly  12  bushels  annually  in  excess 
of  the  produce  on  the  unmanured  plot ;  while  during  the  first  8 
years  of  the  mixed  minerals,  without  the  salts  of  ammonia 
(1852-1859),  the  ayerage  produce  was  19  bushels  per  acre,  or 
about  3  bushels  more  than  the  permanently  unmanuied  produce. 

In  the  second  period  of  8  years  for  which  the  results  are  giyen 
in  the  table,  the  produce  of  the  mixed -minerals'  plot  amounted 
to  15^  bushels  per  acre,  as  against  13^  bushels  grown  on  the  un- 
manured plot,  a  difference  of  If  bushels  in  fayour  of  the  mixed 
minerals'  plot  In  the  third  period  of  8  years,  the  produce  of 
plot  5  was  14  bushels  per  acre:  and  in  the  last  period  of 
8  years,  it  was  12^,  or  rather  more  than  12^  bushels  per  acre. 

The  whole  period  of  32  years  has  thus  giyen  an  ayerage  of 
15^  bushels  on  the  mixed  minerals'  plot,  as  against  13^  bushels 
on  the  permanently  unmanured  plot;  and  if  we  take  the 
ayerage  produce  of  the  unmanured  plot  for  40  years,  the  yield 
has  been  14  bushels  per  acre.     The  application,  therefore,  of  a 
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very  liberal  gupply  of  minerals  has  only  been  competent  to 
increase  the  yield  by  1^  bushels  per  acre  per  annum  I 

The  average  total  produce— com  and  straw— of  the  mixed 
minerals'  plot  for  the  32  years,  amounted  to  2421  lbs.,  and  that 
of  the  unmanured  plot  to  2090  lbs.,  a  difference  of  331  lbs.  in 
favour  of  the  minends.  The  amount  of  nitrogen  in  this  331  lbs. 
would  be  not  more  than  3  lbs.  This  represents  the  whole  of  the 
nitrogen  which  the  wheat  upon  an  acre  of  land,  though  fur- 
nished with  an  abundance  of  minerals,  and  certainly  at  the 
commencement  containing  more  crop  residue  than  the  un- 
manured land,  has  been  able  to  obtain  from  the  soil  and  atmo- 
sphere in  excess  of  that  in  the  wheat  grown  without  manure  I 

In  order  to  explain  the  causes  which  have  produced  these 
crops,  it  will  be  necessary  to  show  what  has  taken  place  in  the 
soil ;  but  before  doing  so,  it  may  be  as  well  to  give  a  slight 
review  of  the  crops  themselves. 

We  find  the  two  crops  running  a  parallel  course,  showing 
great  differences  in  their  yield  as  the  seasons  are  favourable  or 
unfavourable,  but  rarely  differing  from  each  other  more  than 
from  3  to  4  bushels  per  acre.  The  yield  in  both  is  slowly  de- 
clining, as  we  find  that  during  the  first  8  years  the  unmanured 
produce  gave,  in  two  separate  years,  a  crop  of  20  bushels  per 
acre ;  and  the  mineral-manured  plot  on  three  occasions  yielded 
a  crop  exceeding  20  bushels  per  acre.  For  the  last  24  years, 
neither  plot  has  given  a  produce  of  20  bushels,  and  it  is  hardly 
possible  that,  without  some  change  in  the  manures  applied,  a 
crop  of  this  amount  can  ever  be  grown  again. 

The  Rothamsted  soil — like  a  great  many  cultivated  soils — 
contains  a  large  amount  of  the  mineral  food  of  plants  ;  it  also 
contains  organic  nitrogen,  that  is  to  say,  nitrogen  in  combina- 
tion with  carbon,  the  residue  of  previous  vegetation.  This 
organic  nitrogen  does  not  appear  to  be  available  as  food  for  the 
wheat  plant,  but  every  year  a  certain  amount  of  it  is  converted 
into  nitric  acid,  which  combines  with  the  lime  in  the  soil.  In 
this  state  it  is  very  soluble  in  water,  is  readily  washed  out  of  the 
soil  by  heavy  rain,  and,  further,  is  a  most  important  and  essential 
food  of  the  wheat  plant. 

The  amount  of  nitric  acid  formed  each  year  will  vary,  the 
formation  being  most  rapid  in  the  hottest  weather,  provided  the 
soil  is  sufficiently  moist.  The  amount  of  nitric  acid  which  the 
wheat  crop  can  take  up  will  also  vary,  and  in  a  cold  and  wet 
winter  much  will  be  washed  beyond  the  reach  of  the  roots  of  the 
plant. 

These  facts,  which  are  of  universal  application,  enable  us  to 
explain  some  of  the  causes  which  tend  to  the  production  of 
good  or  bad  crops  of  wheat.    Analyses  of  the  soil  of  these  two 
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plots,  made  at  difiPerent  times,  show  that  both  have  lost  a  large 
amount  of  organic  nitrogen ;  and  that,  in  the  first  9  inches  from 
the  surface,  the  mineral-manured  soil  has  lost  rather  the  most. 

The  total  loss  of  nitrogen  over  a  given  area  is  larger  than 
the  amount  of  that  substance  removed  in  the  crops,  and  the 
reason  for  this  will  be  found  in  an  examination  of  the  drainage- 
water.  Except  when  the  crop  is  in  full  vigour  of  growth, 
the  drainage-water  contains  nitric  acid.  In  our  paper  on 
Rain  and  Drainage,  published  in  this  Journal,  we  have  gone 
so  fully  into  this  question  that  it  will  be  sufficient  here  to  say 
that  of  the  28  lbs.  to  32  lbs.  of  nitrogen  available  per  acre  each 
year,  from  soil,  seed,  rain,  &c.,  we  estimated  that  only  about  §  are 
removed  in  the  crop,  and  that  1  goes  into  the  drains  and  is  lost. 

There  was  rather  more  nitric  acid  formed  in  the  soil  which 
received  minerals,  and  in  consequence  the  crop  was  slightly 
increased ;  but  the  evidence  is  distinct  and  conclusive  as  regards 
the  very  small  effect  which  followed  the  large  applications  of 
mineral  matter. 

On  the  unmanured  soil  the  minerals  at  the  disposal  of  the 
crop  were  quite  sufficient  to  utilise  the  whole  of  the  nitric  acid 
available ;  in  fact  the  results  obtained  on  plot  10  A  show  that 
the  available  minerals  were  competent  to  grow  a  much  larger 
crop  than  that  actually  produced  on  the  unmanured  plot. 
Further,  as  very  little  more  nitric  acid  was  liberated  on  the 
mineral  plot  —  and  the  crop  was  unable  to  obtain  nitrogen 
from  the  atmosphere — we  have  a  produce  very  slightly  in  excess 
of  that  grown  on  the  permanently  unmanured  land. 

By  means  of  these  experiments  we  more  readily  arrive  at  an 
explanation  of  the  fact  that  on  some  soils — ^more  especially  the 
newly  cultivated  soils  of  the  United  States — a  large  increase  in 
the  wheat  crop  frequently  follows  the  application  of  mineral 
manures.  Soils  rich  in  organic  matter  may  yield  an  increased 
amount  of  nitric  acid  by  the  application  of  phosphates  and 
potash,  but  in  all  cases  the  source  of  the  nitrogen  is  the  soil ; 
and  the  loss  by  the  unmanured  soil  of  perhaps  from  800  to 
1000  lbs.  of  nitrogen  per  acre  during  the  40  years  of  these 
experiments  is  a  fact  of  the  greatest  importance. 

Ammonia  witlwut  Minerals^  and  Ammonia  in  alternation  with 

Minerals. 

Plots  10  A  and  10  B,  and  Plots  17  and  18. 

The  recent  legislative  enactments,  giving  the  cultivator  of  the 
soil  a  claim  for  the  manure  ingredients  possessing  a  pecuniary 
value,  which  he  has  applied,  and  left  in  the  land,  add  greatly 
to  the  interest  of  all  investigations  which  have  a  bearing  upon 
this  important  subject. 
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In  plots  10  A  and  10  B,  we  hare  two  parallel  experiments. 
In  1844  both  received  an  application  of  mineral  manures,  and 
produced  a  crop  yielding  15^  bushels  of  grain  per  acre.  In 
18459  both  received  a  dressing  of  salts  of  ammonia,  which 
yielded  a  crop  of  32  bushels  per  acre. 

From  that  time  they  have  been  treated  as  two  separate  ex- 
periments; 10  a,  from  1846  to  the  present  time — a  period  of 
38  years — has  received  annually  a  dressing  of  salts  of  ammonia : 
while  in  1846,  10  B  was  unmanured.  In  1848, 10  B  received 
a  dressing  of  minerals,  and  the  same  amount  of  salts  of  ammonia 
as  10  A.  In  1849,  it  received  salts  of  ammonia  alone,  and  in 
1850,  minerals  alone. 

The  difference  between  the  two  plots  has  therefore  been  as 
follows :  10  A  has  received  one  dressing  of  minerals,  followed 
by  39  dressings  of  salts  of  ammonia:  10b  has  received 
three  dressings  of  minerals  during  the  first  7  years ;  and  for  the 
last  33  years  both  plots  have  been  manured  exactly  alike,  re- 
ceiving salts  of  ammonia  every  year. 

In  the  following  table  will  be  seen  (1)  the  produce  of  each 
plot  in  each  of  the  first  8  years :  (2)  the  average  produce  over 
succeeding  periods  of  8  years  each :  (3)  the  average  produce 
over  32  years,  1852-1883. 

Table  XXIV. — Showing  the  Fbodugb  of  10  a  and  10  b,  for  each  of 
the  FiBST  8  Yeabs  of  Uie  Exfsbiment,  and  afterwards  the  Avbbaob 
Fboduoe  over  Febiods  of  8  Yeabs.  10  a  received  Minebal 
Manube  alone  in  1844,  and  Salts  of  Ammonia  alone  in  each  of  the 
last  39  Yeabs.  10  b  received  Minebals  alone  in  1844  and  1850, 
was  unmanured  in  1846,  received  Minebals  with  Salts  of  Ammonia 
in  1848,  and  Salts  of  Ammonia  alone  (the  same  as  10  a)  in  1845, 
1847, 1849,  1851,  and  in  each  of  the  last  32  Yeabs. 


Dressed  Com. 

Total  Ptodnce  (Corn  and  Straw). 

Plot  lOA. 

Plot  lOB. 

Plot  lOA. 

Plot  lOB. 

1844      

1845      

1846      

1847      

1848      

1849      

1850      

1851      

boshels. 
15i 
812 
27| 
25i 

82] 

27 

28J 

bushels. 
15» 

251 

25t 

321 

18 

28f 

lbs. 
2120 
6246 
4094 
4593 
8701 
4992 
4810 
5036 

lbs. 
2120 
6246 
2671 
4579 
4530 
5117 
8120 
4985 

8  yRRTB,  1852-1859    ..      .. 
8  ymre,  1860-1867     ..      .. 
8  yean,  1868*1875     ..     .. 
8  yean,  1876-1888    ..     .. 

22i 
24 
19 
16i 

27i 
27J 
20i 

181 

4055 
4076 
3060 
2618 

4885 
4563 
3264 
2935 

82  years,  1852-1883    ..      .. 

20| 

23i 

3452 

8912 
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It  will  be  observed  that  in  1848,  when  10  b  received 
mineral  manures  as  well  as  salts  of  ammonia,  the  produce 
was  25 1  bushels  per  acre,  as  against  19^  bushels  per  acre  on 
plot  10  a,  which  received  the  same  salts  of  ammonia  without 
minerals.  On  the  other  hand,  when  10  B,  in  1850,  received 
minerals  alone,  the  produce  was  only  18  bushels  per  acre  as 
against  27  bushels  obtained  on  10  A,  which  was  manured  with 
salts  of  ammonia  only. 

Turning  now  to  the  periods  of  8  years  each,  it  will  be  seen 
that  in  every  case  the  produce  of  10  B  was  larger  than  that  of 
10  A ;  the  diflTerence  is  however  a  declining  one,  being  in  the 
first  8  years  not  quite  5  bushels  per  acre  per  annum,  in  the 
last  8  years  1}  bushels  per  acre,  and  over  the  whole  period  not 
quite  3  bushels  per  acre  per  annum. 

It  is  well  known  that  the  drainage-water  that  comes  from 
cultivated  fields  contains  but  a  very  small  amount  of  potash, 
and  frequently  no  phosphoric  acid ;  we  have  no  difficulty,  there- 
fore, in  tracing  the  increased  produce  obtained  on  10  b  over 
10  A  to  the  minerals  applied  to  the  former  in  1848  and  1850. 

The  amounts  of  potash  and  phosphoric  acid  applied  to  10  A 
and  10  B  have  been  exceeded  by  those  removed  in  the  crops 
many  years  ago ;  but  the  much  greater  amounts  which  10  B 
received  in  the  earlier  years  of  the  experiment  have  caused 
the  resources  of  the  soil  to  be  much  more  largely  drawn  upon 
by  the  crops  on  plot  10  A,  than  by  those  on  plot  10  B. 

These  large  applications  of  potash  and  phosphoric  acid — 
although  applied  in  the  form  of  soluble  compounds — appear  to 
enter  into  very  fixed  combinations,  somewhat  similar  to  those 
already  existing  in  the  soil;  and  in  this  respect  they  differ 
altogether  from  compounds  of  ammonia  and  nitric  acid,  as  the 
latter  appear  to  be  either  washed  away  or  destroyed,  unless  they 
are  fixed  by  vegetation,  while  the  former  are  fixed  by  the  soil 
itself,  and  are  only  taken  out  of  it  by  means  of  vegetation. 

Plots  17  and  18. 

In  the  last  experiment  it  was  shown  that  potash  and  phos- 
phoric acid  were  producing  an  influence  upon  the  wheat  crop 
33  years  after  their  application. 

In  the  experiment  to  which  we  are  now  about  to  refer  we  have 
to  trace  the  unexhausted  residue  of  another  substance  perfectly 
soluble  in  water.  On  plots  17  and  18  the  mineral  manures 
and  the  salts  of  ammonia  are  never  used  together.  When 
plot  17  receives  minerals,  plot  18  receives  salts  of  ammonia ; 
and  when  plot  18  receives  minerals,  plot  17  receives  salts  of 
ammonia.     During  the  32  years  of  the  experiments  each  plot 
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has  received  16  applications  of  mineral  manureSi  and  16  appli- 
cations of  salts  of  ammonia. 

It  is  evident  that  an  experiment  of  this  description  is  well 
adapted  to  ascertain  the  unexhausted  residue  of  a  manure  like 
salts  of  ammonia.  For  the  crops  of  the  first  8  years  (1844-1851) 
the  two  plots  received  different  artificial  manures,  jielding  a 
very  similar  produce.  In  the  following  table  will  be  found 
the  average  produce  of  the  mineral  manures,  and  also  of  the 
salts  of  ammonia,  over  periods  of  8  years  each,  from  1852  to 
1883;  further,  for  comparison,  is  given  the  average  produce 
of  plot  5,  where  minerals  alone  have  been  employed. 

Table  XXY. — Showing  the  Bushels  of  Dbesssd  Oobn,  and  Total 
Pboduos  (Corn  and  Stbaw),  on  Plots  6,  17,  and  18;  5  being 
Manttbed  with  Mixed  Mineral  Manttbbs  alone  during  the  whole 
Period,  and  17  and  18  receiving  alternately  Minerals  and  Salts 
of  Ammonia. 


Dressed  Com,  per  Acre. 

Total  Produce  (Oora  aad  Straw), 
per  Acre. 

Mineral 

Man  ares 

only. 

every 

Year. 

Plot  6. 

Mineral 
Manures. 

Plots 
17  or  18. 

Salts  of 
Ammonia. 

Plots 
17  or  18. 

Mineral 

Manures 

only, 

every 

Year. 

Plot  6. 

Mineral 
Manures. 

Plots 
17  or  IS. 

SalUoT 
Ammonia. 

Plots 
17  or  18. 

8  years,  1852-1859  .. 
8  years,  1860-1867.. 
8  jean,  1868-1875  .. 
8  years,  1876-1883  .. 

Ooshels. 
19 
151 
14 
12i 

Bushels. 

15 
12J 

Bushels. 

Sl| 

28i 
27f 

lbs. 
3191 
2450 
2144 
1899 

lbs. 
3285 
2696 
2404 
1869 

Ihs. 
5938 
5297 
4781 
4930 

32  years,  1852-1883  .. 

15J 

151 

80 

2421 

2551 

5237 

Looking  at  the  bottom  line — ^which  gives  the  average  of  the 
whole  period  of  82  years — it  will  be  seen  that  during  the 
16  alternate  seasons  in  which  plot  17  received  salts  of  am- 
monia, and  the  16  alternate  seasons  in  which  plot  18  received 
that  substance,  the  average  produce  was  30  bushels  per  acre; 
while  during  the  alternate  years,  in  which  the  plots  received 
minerals  only,  they  yielded  only  15f  bushels;  or  in  other 
words,  only  a  fraction  of  a  bushel  more  than  plot  5,  which 
received  no  ammonia  during  the  whole  period  I 

In  the  400  lbs.  of  salts  of  ammonia  it  is  estimated  that 
86  lbs.  of  nitrogen-  are  applied  to  an  acre. 

The  resources  of  the  soil  were  evidently  competent  to  furnish 
the  nitrogen  contained  in  15  bushels  of  wheat,  and  its  straw,  as 
we  obtained  that  produce  on  plot  5  which  receives  no  ammonia. 
In  tlie  remaining  15   bushels  and  its  straw,  obtained   by  the 
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application  of  the  salts  of  ammonia,  certainlj  less  than  26  lbs. 
of  nitrogen  have  been  carried  off,  thus  leaving  60  lbs.  of 
nitrogen  to  be  accounted  for  I 

In  the  autumn  of  1881,  the  soil  of  the  various  experimental 
plots  was  sampled  and  analysed,  both  for  the  total  nitrogen  and 
for  nitric  acid,  to  the  depth  of  27  inches.  Although  the  soil 
of  plots  17  and  18  contained  rather  more  total  nitrogen  and 
nitrates  than  plot  5,  still — within  the  range  examined — there 
was  no  evidence  of  the  existence  in  the  soil  of  the  large  amount 
of  nitrogen  supplied  in  the  manure,  and  not  accounted  for  in 
the  crop. 

It  is  quite  certain,  therefore,  that  when  salts  of  ammonia 
are  applied  to  grow  wheat,  it  is  not  safe  to  calculate  upon  any 
of  the  unexhausted  residue  being  available  for  the  purpose  of 
growing  a  second  corn-crop. 

There  is  also  evidence  to  show  that  the  exhausting  character 
which  practical  farmers  attribute  to  corn  crops,  is  quite  as  much 
due  to  the  nitrogen  which  they  do  not  assimilate  being  washed 
out  of  the  soil,  as  it  is  to  the  amount  of  that  substance  which  is 
removed  in  the  produce. 

Mixed  Minerals  with  Salts  of  Ammonia^  and  Nitrate  of  Soda, 

Having  already  given  the  results  of  experiments  in  which 
mixed  minerals  were  used  alone,  as  also  where  salts  of  ammonia 
were  used  alone,  we  now  come  to  another  series  of  experiments, 
where  one  uniform  quantity  of  mixed  minerals  was  used  in  each 
case,  but  with  different  amounts  of  nitrogen  in  the  form  of  salts- 
of  ammonia,  and  also  as  nitrate  of  soda.  The  applications  were 
as  follows : — Plot  6  A  and  B  received  200  lbs.  of  sulphate  and 
muriate  of  ammonia,  containing  48  lbs.  of  nitrogen ;  plot  7  A 
and  B,  400  lbs.  of  the  same  salts,  containing  86  lbs.  of  nitrogen ; 
and  plot  8  A  and  B,  600  lbs.  of  the  same  salts,  containing 
129  lbs.  of  nitrogen;  while  plot  9a,  received  86  lbs.  of 
nitrogen  as  nitrate  of  soda,  instesul  of  as  salts  of  ammonia. 

For  the  thirteen  years,  1852-1864,  we  further  employed  on 
plot  16  a  and  B,  800  lbs.  of  salts  of  ammonia,  containing 
172  lbs.  of  nitrogen ;  but  even  in  1863  —  a  season  which 
for  productiveness  is  not  likely  to  be  repeated  except  at  rare 
intervals — the  800  lbs.  produced  so  small  an  increase  over  the 
manure  containing  600  lbs.  of  salts  of  ammonia,  that  it  was 
decided  to  stop  the  application,  with  the  view  of  obtaining, 
by  this  means,  some  information  in  regard  to  the  unexhausted 
residue  of  manures. 

In  the  following  table  is  given — for  4  periods  of  8  years  each — 
the  produce  of  wheat  grown  by  the  minerals  and  nitrogen  in 
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yarioiis  proportions  for  32  years  in  succession ;  and  for  com- 
parison the  produce  over  the  same  periods,  obtained  by  the 
mineral  manure  alone. 

Tablb  XXYI. — Showing  the  Ayxbaob  Pboduoe  of  Dbbssbd  Cobn,  in 
Bushels,  and  Total  Peodugb  (Cobn  and  Stbaw),  in  Lbs.,  per 
AcBB,  grown  by  Mixed  Minebals  alone,  by  Mixed  Minebalb 
with  Salts  of  Ammonia  in  various  proportions,  and  by  Mixed 
Minebals  with  Nitbate  of  Soda,  over  periods  of  8  Teabs,  and 
over  32  Teabs. 


Mixed 

MfnenilB 

alone. 


With  Salts  of  Ammonia. 


=  43  Ibe. 
Nltrogeo. 


=  86  lbs. 
Nitrogen. 


=  129  lbs. 
Nitrogen. 


With  Nitrate 
of  Soda. 


=  86  11)0. 
Nitrogen. 


Dressed  Cobn  fib  Aobe  in  Bushels. 


8  years,  1852-1859 

19 

271 

S5i 

361 

311 

8  years,  1860-1867 

15i 

26i 

36} 

39i 

40} 

8  years,  1868-1875 

14 

22 

31 

36 

39 

8  yearn,  1876-1883 

12i 

20i 

28 

32} 

34} 

82  years,  1852-1883 

15J 

241 

82( 

86i 

36} 

Total  Pboduce  (Cobn  and  Stbaw),  per  Acre,  Lbs. 


8  years,  1852-1859 

3191 

4808 

6490 

7012 

5897 

8  years,  1860-1867 

2450 

4276 

6262 

7363 

7862 

8  years,  1868-1875 

2144 

3612 

5379 

6593 

7344 

8  years,  1876-1883 

1899 

3422 

5248 

6361 

6824 

82  years,  1852-1883 

2421 

4029 

5845 

6832 

6982 

Taking  the  three  proportions  of  nitrogen,  as  applied  in  salts 
of  ammonia,  it  will  be  seen  that  in  the  separate  periods  of 
8  years  each,  and  also  in  the  whole  period  of  32  jears,  the  in- 
crease of  wheat  obtained  by  the  addition  of  43  lbs.  of  nitrogen 
to  the  minerals,  varies  from  8  to  11  bushels  per  acre  ;  the  total 
increase  over  the  whole  period  being  not  quite  9  bushels  per 
acre.  The  application  of  an  additional  43  lbs.  of  nitrogen,  or 
in  other  words,  a  total  application  of  86  lbs.  of  nitrogen,  again 
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increases  the  amount  of  wheat  by  between  8  and  9  bushels 
over  the  whole  period  ;  the  minerals  alone  yielding  15^  bushels, 
the  43  lbs.  of  nitrogen  24^  bushels,  and  the  86  lbs.  of  nitrogen, 
32}  bushels  per  acre. 

Comparing  the  four  periods  of  8  years  with  each  other,  it 
will  be  seen  that  the  minerals  alone,  during  the  last  period  of 
8  years  gave  6^  bushels  per  acre  less  than  during  the  first 
period ;  while  the  43  lbs.  of  nitrogen  yielded  7j^.  bushels  per 
acre,  and  the  86  lbs.  of  nitrogen  also  7\  bushels  per.  acre,  less 
during  the  last  than  during  the  first  period.  The  reduction 
therefore  would  appear  to  be  due  to  some  cause  which  equally 
affected  the  three  crops. 

The  addition  of  another  43  lbs.  of  nitrogen,  by  the  applica- 
tion of  129  lbs.  of  the  substance,  proved  far  less  efiective  than 
the  previous  additions,  as  instead  of  being  from  8  to  9  bushels, 
the  average  increase  was  only  3^  bushels  per  acre ;  the  average 
of  the  whole  period  of  32  years  being,  for  the  highest  manure — 
where  the  129  lbs.  of  nitrogen  was  applied — 36^  bushels  per 
acre,  and  where  86  lbs.  of  nitrogen  was  applied,  32|  bushels 
per  acre. 

The  total  increase  obtained  by  this  large  amount  of  nitrogen 
(129  lbs.),  in  excess  of  the  produce  obtained  by  the  mineral 
manures  alone,  amounted  only  to  21  bushels  per  acre  per  annum ; 
it  is  therefore  quite  evident  that  in  this  experiment  the  nitrogen 
applied  was  in  excess  of  the  quantity  which  could  be  utilised 
by  the  crop  ;  and  even  in  the  best  season  of  growth,  1863,  when 
the  plot  which  received  86  lbs.  of  nitrogen  yielded  53^  bushels 
per  acre,  the  plot  receiving  129  lbs.  only  yielded  2  bushels 
morel 

The  average  yield  of  wheat  in  Great  Britain  is  estimated  by 
us  at  28  bushels,  and  by  others  at  30  bushels  per  acre.  The 
crop  obtained  by  86  lbs.  of  nitrogen  appears  to  have  quite  reached, 
if  it  has  not  exceeded  the  profitable  limit  of  growth ;  and  it 
is  only  a  rise  in  the  price  of  wheat — and  not  lower  prices — ^that 
could  justify  the  outlay  in  manure  which  would  be  required 
to  grow  a  larger  crop.  We  have  abundant  evidence  that  a 
considerable  amount  of  the  nitrogen  of  the  salts  of  ammonia 
has  been  converted  into  nitric  acid,  and  washed  into  the  drains, 
chiefly  during  the  winter.  At  the  time  of  the  application  of 
the  nitrate  of  soda  in  the  spring,  the  plots  receiving  ammonia- 
salts  in  the  autumn  had  already  lost  more  or  less  nitrogen; 
and  until  1878  the  trial  of  the  relative  crop-producing  power 
of  nitrogen  as  ammonia,  and  as  nitric  acid  in  the  form  of  nitrate 
of  soda,  was  not  carried  out  on  equal  terms.  For  the  crops  of 
1878-83,  plot  7  A  and  B  has  received  its  salts  of  ammonia  in 
the  spring,  while  we  have  another  plot,   similarly  manured, 
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which  receives  these  salts  in  the  autumn;  and  although  the 
spring-sown  ammonia  has  given  the  largest  produce,  still,  the 
difference  between  the  two  crops  is  bj  no  means  what  we 
might  have  expected  from  the  known  loss  by  drainage  which 
took  place  when  the  manure  was  autumn-sown. 

In  the  autumn  of  1881  the  soil  of  the  various  experimental 
plots  was  sampled  to  the  depth  of  27  inches.  Between  the 
application  of  the  salts  of  ammonia  in  the  spring  and  the  time 
of  sampling,  only  a  small  amount  of  drainage  had  taken  place, 
but  the  nitric  acid  in  the  soil  and  drainage  water  did  not 
account  for  the  nitrogen  which  had  been  applied  in  the  salts  of 
ammonia,  but  had  not  been  taken  up  by  the  crop,  and  the 
question  arises  whether  there  has  been  loss  by  destruction  and 
evolution  of  free  nitrogen,  or  whether  any  considerable  amount 
of  the  ammonia  has  remained  unnitrified  in  the  soil,  which 
would  be  in  a  much  drier  state  in  the  spring  and  summer  than 
during  the  autumn  and  winter. 

It  was  not  until  after  the  experiment  had  been  carried  on  for 
8  years  that  the  spring-sown  nitrate  showed  a  superiority  over 
the  autumn-sown  salts  of  ammonia ;  but  during  the  first  3  years, 
there  were  no  minerals,  and  there  was  much  less  nitrate,  applied 
to  the  nitrate  plot  (9  A).  During  the  next  3  periods  of  8  years 
each,  the  produce  by  the  nitrate  was  considerably  in  excess ; 
though  in  6  of  the  last  8  years  the  ammonia-salts  were  applied 
in  the  spring.  Over  the  whole  period  of  32  years  the  nitrate 
gave  an  increase,  over  the  salts  of  ammonia,  of  3^  bushels 
per  acre  per  annum,  the  produce  of  the  ammonia-salts  being 
32f  bushels,  and  that  of  the  nitrate  36^  bushels  per  acre. 

The  produce  of  the  spring-sown  nitrate  supplying  86  lbs.  of 
nitrogen  is  exactly  equal  to  that  of  the  chiefly  autumn-sown 
salts  of  ammonia  supplying  129  lbs.,  both  giving  36^  bushels 
per  acre ;  and  if  we  take  the  total  crop  (com,  and  straw),  which 
is  by  far  the  best  measure  of  the  power  of  a  manure  to  pro- 
duce growth,  we  find  that  the  86  lbs.  of  nitrogen  as  nitrate 
of  soda  produced  6982  lbs.,  and  the  129  lbs.  of  nitrogen  in 
salts  of  ammonia  6832  lbs.  of  total  produce  per  acre. 

Although  there  is  often  a  strong  prejudice  against  the  use  of 
nitrate  of  soda,  it  is  evident  from  this  example  that,  when 
judiciously  applied,  its  properties  as  a  manure  are  higher  than 
those  of  salts  of  ammonia.  We  may  add,  that  when  used  con- 
tinuously for  32  years  its  power  to  produce  growth  appears  to 
increase,  rather  than  to  diminish,  as  during  the  last  16  years  the 
total  produce  per  acre  per  annum  of  9  A,  in  excess  of  the  pro- 
duce of  plot  7 — each  receiving  the  same  amount  of  nitrogen — 
has  been  7084  lbs.  as  against  5313  lbs. ;  a  difference  of  177 1  lbs. 
of  total  produce  per  acre  per  annum  in  favour  of  the  nitrate. 
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Plots  16  a  and  16  b. 

771^  Unexhausted  Eesidue  ofManures^ 

From  1852  to  1864,  inclusive,  these  two  plots  received  a  mixed 
mineral  manure  and  800  lbs.  of  salts  of  ammonia,  an  amount 
which  furnished  to  the  soil  annually  172  lbs.  of  nitrogen.  It  is 
verj  rarely  that  a  sufficiently  large  crop  of  wheat  is  grown  to 
remove  one-half  of  this  quantity  of  nitrogen. 

In  1863  and  1864  the  seasons  were  highly  favourable  for  the 
growth  of  wheat ;  and  as  the  size  of  the  crop  is  regulated  very 
much  by  the  amount  of  nitrogen  at  its  disposal,  the  two  seasons 
were  well  adapted  for  ascertaining  how  much  of  this  very  large 
application  could  be  employed  in  the  growth  of  the  crop. 

In  1863  the  yield  of  plot  16  was  56  bushels  per  acre,  and  in 
1864,  51  bushels  per  acre.  But  plots  8  A  and  B  produced 
56  bushels  and  50  bushels  in  the  same  two  years,  by  means  of 
an  application  of  600  lbs.  of  ammonia-salts ;  and  as  the  addi- 
tional 200  lbs.  applied  to  16  A  and  B  only  added  1  bushel  to  the 
crop,  it  was  quite  evident  that  we  had  reached  the  possible 
limits  of  growth  on  8  A  and  B,  even  in  seasons  so  favourable. 
It  did  not  indeed  seem  likely — and  the  result  afterwards  con- 
firmed the  view — that  such  favourable  seasons  would  occur 
again  in  a  period  of  20  years.  Under  these  circumstances 
we  decided  to  stop  all  further  manuring  after  1864,  with  the 
view  of  obtaining  information,  which  might  prove  to  be  very 
valuable,  in  regard  to  the  unexhausted  residue  of  the  manure 
employed. 

The  following  table  (p.  54)  gives  the  produce  of  plot  16  for 
the  last  2  years  during  which  it  received  manure ;  and  for  the 
19  succeeding  years,  during  which  it  was  unmanured  :  also  for 
comparison  there  is  given  the  produce  of  plot  5,  which  received 
an  annual  dressing  of  minerals  alone. 

It  will  be  seen  that  in  the  first  year  after  the  manures  were 
stopped,  the  produce  of  plot  16  was  32  bushels,  or  18  bushels 
in  excess  of  that  grown  on  plot  5.  In  the  next  year,  plot  16  gave 
17^  bushels,  and  plot  5  gave  13  bushels,  a  difference  of  only 
4  bushels  in  favour  of  plot  16.  In  each  of  the  next  two  years, 
plot  16  yielded  5  bushels  in  excess  of  plot  5.  In  the  fifth 
year,  the  total  produce,  com  and  straw,  on  plot  16  was  only 
104  lbs.  more,  and  in  the  sixth  year  it  was  even  7  lbs.  per  acre 
less,  than  on  plot  5.  During  the  next  6  years,  however,  the 
total  produce  of  plot  16  exceeded  that  of  plot  5  in  amounts 
varying  from  109  lbs.  to  221  lbs.  It  was,  therefore,  not  until 
12  years  after  the  last  application,  that  all  influence  due  to 
the  previous  manuring  ceased. 

I  £ 
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Tablb  XXVn. — Showing  the  Pboducjb  of  the  last  Two  Chops  on 
Plot  16,  which  receiyed  for  13  Years  in  succession  an  Annual 
Dressing  of  Mixed  Minerals,  and  Salts  of  Ammonia  containing 
172  lbs.  of  Nitrogen  ;  followed  by  19  Unmanured  Crops.  And 
for  comparison,  the  produce  of  Plot  5,  which  received  Mughal 
Manures  only  over  the  whole  period. 


1863 
1864 

1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 


Dressed  Com  In  BoBheLs  per  Acre. 


Plot  5. 

MineralB 

Alooe. 


Hot  16, 

Minerals  and 

172  Ite.  Nitrogen. 


19« 
Minerals 


65J 

514 
Unmanured 

82| 

17 

14; 

22} 

16i 

181 
13} 

121 
llj 
10| 
11 

13f 

13 

10} 
15J 


rotal  Produce  (Com  and  Straw),  lbs. 


Plot  5. 

Minerals 

Alone. 


Plot  16. 
Mineral!)  and 
172  lbs.  Nitrogen. 


3017 
2462 
Minerals 
2091 
2803 
1613 
2481 
2543 
2564 
2207 
2166 
1806 
1674 
1714 
1429 
1570 
2222 
1238 
2818 
1709 
2057 
2147 


10,525 
9,348 
Unmanurod 
5.007 
3,081 
2,512 
3.503 
2.647 
2.557 
2.380 
2,387 
1,921 
1,892 
1.829 
1.538 
1.340 
2,181 
1,154 
2,883 
1,7H6 
1,925 
2,131 


With  regard  to  the  large  crop  grown  the  first  year  after  the 
manure  was  stopped,  we  are  inclined  to  think  it  was  mainly  due 
to  some  of  the  nitrogen  of  the  salts  of  ammonia  not  having  been 
washed  out  of  the  soil.  The  year  of  the  last  application,  1864, 
was  one  of  exceptional  drought ;  in  fact,  it  was  the  driest  year 
that  has  been  experienced  at  Rothamsted  since  the  commence- 
ment of  our  experiments  ;  and  it  is  probably  owing  to  this  that, 
at  all  events  a  portion,  of  the  produce  of  the  first  year  was  due. 
While  the  excess  of  produce  obtained  on  plot  16,  as  com- 
pared with  plot  5,  during  the  next  11  years,  is  probably  due 
to  the  slow  decay  and  nitrification  of  the  stubble,  and  under- 
ground roots,  of  the  very  large  crops  which  had  been  grown  on 
this  plot  for  so  many  years. 

During  the  13  years  of  the  annual  application  of  800  lbs.  of 
salts  of  ammonia,  considerably  more  than  1000  lbs.  of  the 
nitrogen  applied  to  the  soil  was  not  recovered  in  the  crops.  It  is 
therefore  hardly  possible  to  suppose   that  the  nitrogen  (about 
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60  lbs.)  contained  in  the  6663  lbs.  of  total  produce  obtained  in 
excess  of  that  g^own  on  plot  5,  during  the  next  12  years,  could 
have  been  derived  directly  from  that  supplied  as  manure,  except- 
ing so  far  as  a  portion  of  that  of  the  first  crop  was  concerned. 

All  the  evidence,  indeed,  points  to  the  residue  of  the  crop 
itself  as  the  source  of  the  unexhausted  manure ;  and  it  is  quite 
certain  that  the  very  large  amount  of  roots,  and  other  residue, 
possessing  considerable  fertilising  influence,  which  some  of  our 
rotation  crops  leave  in  the  ground,  have  much  to  do  with  their 
value  as  restorative  crops.  In  1865  samples  of  soil  were  taken 
from  various  plots  in  the  experimental  wheat  field,  and  sub- 
mitted to  analysis;  and  the  percentage  of  nitrogen  in  the  first 
9  inches  of  soil  was  higher  on  plot  16  than  on  any  other  plot 
receiving  artificial  manures ;  while,  in  1881,  after  17  unmanured 
crops  had  been  taken,  when  the  soil  was  again  analysed,  it  was 
found  that  the  percentage  of  nitrogen  was  considerably  reduced, 
and  it  was  in  fact  then  not  much  higher  than  that  on  the 
unmanured  plot. 

Farmyard  Manure. 

From  the  commencement  of  the  continuous  wheat  experiments, 
one  plot  has  received  annually  14  tons  of  ordinary  farmyard- 
manure  per  acre.  No  attempt  has  been  made  to  ascertain  by 
means,  of  sampling  and  analysis  the  composition  of  the  manure 
applied,  for  two  reasons  :  (1)  in  the  earlier  years  of  the  experi- 
ments, the  importance  of  knowing  the  exact  amount  of  the 
various  ingredients  applied  to  the  soil  was  not  well  understood  ; 
(2)  later  on,  the  uncertainty  of  the  results  obtained  in  a  very 
careful  attempt  to  ascertain  the  exact  composition  of  some  box- 
dung  at  Wobum,  led  us  to  trust  to  an  estimate  of  the  com- 
position based  on  numerous  analyses  of  farmyard-manure,  rather 
than  to  attempt  to  determine  the  composition  by  direct  sampling 
and  analysis. 

The  following  table  gives  the  estimated  amount  of  some  of  the 
more  important  ingredients  supplied  to  the  soil  annually  in 
the  14  tons  of  farmyard-manure,  as  also  the  amount  of  in- 
gredients supplied  in  the  artificial  manure  on  plot  7  : — 

Tablb  XXVIII. 


Dry  organic 
M&tt«r. 

Nitrogen. 

Phosphate  of 
Lime. 

• 
Potaah. 

Pnng,  Plot  2      ..     .. 
Artificial,  Plot?..     .. 

Ihs. 
8540 

•  • 

lbs. 

200 
6Q 

ItM. 

155 
140 

Ibf. 
168 

100* 

*  150  lbs.  7  years,  1852-8,  100  lbs.  each  yenr  since. 


E   2 
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Although  the  ingredients  furnished  to  the  soil  of  plot  7  differ 
greatly  from  those  furnished  by  the  dung,  the  average  amount  of 
produce  is  very  nearly  the  same  on  the  two  plots,  as  will  be 
seen  in  the  following  table : — 

Tablk  XXIX. — Showing  the  Avbbaqv  Amoumts  of  Dressed  Corn, 
and  Total  Prodttoe  (Corn  and  Straw),  on  Plot  2,  Manttred 
with  14  Tons  of  Farmtard-Manurb  per  Aorb  per  Annttm;  and 
on  Plot  7,  Manured  with  Minerals  and  Salts  of  Aumonia,  over 
Periods  of  8  Years. 


Dressed  Corn  per  Acre, 
BoAhelB. 

Total  Produce  per  Acre, 
(Oorn  and  Straw),  Iba. 

Fannyard- 
Mairare; 
14  tonn. 

Minerals  and 

Salts  of 

Ammonia, 

=  86  lbs. 

Nitrogen. 

Farmyard- 
Manure; 
14  tons. 

Mineral<«  and 

Salts  of 

Ammonia, 

=  86  lbs. 

Nitrogen. 

8  years,  1852-1859    .. 
8  years,  1860-1867    .. 
8  years,  1868-1875    .. 
8  years,  1876-1883    .. 

35| 
85J 

28| 

35* 
36} 
81 

28 

6100 
5926 
5932 

4798 

6490 
6262 
5379 
5248 

82  years,  1852-1883    .. 

83} 

32| 

5689 

5845 

40  years  with  farmyard^ 
dung / 

32j 

•  • 

5516 

•  • 

Taking  the  whole  period  of  thirtj-two  years — daring  which 
the  two  plots  respectively  received  the  same  manure  each  year--^ 
it  will  be  seen  that  the  difference  in  the  produce  is  less  than  one 
bushel  per  acre  per  annum ;  the  dung  yielding  an  average  of 
33j^  bushels  per  acre,  and  the  artificial  manures  of  32|  bushels 
per  acre.  While  of  the  total  produce,  com  and  straw,  the  arti- 
ficial manures  on  plot  7  gave  an  increase  over  that  on  plot  2  of 
156  lbs.  per  acre  per  annum. 

The  most  striking  contrast  between  the  two  manures  which 
give  these  very  nearly  identical  results,  is,  that  while  the  farm- 
yard dung  furnishes  to  the  soil  a  large  amount  of  organic  matter, 
the  artificial  manure  supplies  none. 

On  plot  2,  each  year,  about  8540  lbs.  of  organic  matter  were 
supplied  to  the  soil,  whilst  the  crop  grown  would  not  contain 
more  than  one-half  as  much.  Yet  the  artificial  manures,  which 
supplied  no  organic  matter  whatever,  produced  a  crop  which 
contained  rather  the  larger  amount  of  organic  matter  of  the  two : 
and  we  have  further  evidence  to  show  that  by  merely  increasing 
the  amount  of  nitrogen,  a  still  larger  amount  of  organic  matter 
can  be  obtained  in  the  crop.     Thus,  plot  8^*which  received 
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129  lbs.  of  nitrogen  each  year  (still  much  less  than  that  supplied 
in  the  dung),  gave,  over  a  period  of  32  years,  a  total  produce, 
com  and  straw,  of  6832  lbs.  per  acre,  or  1143  lbs.  more  than 
that  obtained  by  the  farmyard-manure  on  plot  2. 

It  is  quite  evident  from  these  results,  that  the  amount  of 
non-nitrogenous  organic  matter  in  the  crop  bears  no  relation  to 
that  supplied  in  the  manure ;  and  that  the  atmosphere,  and  not 
the  soil,  is  the  source  of  this  supply. 

The  farmyard-manure  not  only  furnished  a  large  amount  of 
non-nitrogenous  organic  matter  to  the  soil,  but  it  also  furnished 
a  larger  amount  of  nitrogen  than  the  artificial  manures  on 
plot  7.  To  produce  a  crop  equal  to  that  grown  by  the  artificial 
manures  on  plot  7,  we  estimate  that  the  farmyard-manure 
supplied  to  the  soil  more  than  twice  as  much  nitrogen  as  that 
supplied  by  the  artificial  manures. 

In  the  two  years  1863  and  1864,  the  farmyard-manure  applied 
to  plot  2  was  estimated  to  supply  400  lbs.  of  nitrogen,  and  the 
total  produce  amounted  to  13,653  lbs.  ;  while  that  of  plot  16, 
which  received  344  lbs.  of  nitrogen  in  salts  of  ammonia,  was 
19,873  lbs.;  or  in  other  words,  there  were,  in  the  two  years, 
6220  lbs.  excess  of  crop  on  the  artificially  manured  plot  I 

As  so  much  less  growth  is  obtained  from  a  given  amount  of 
nitrogen  in  dung,  than  from  the  same  amount  in  salts  of 
ammonia,  or  nitrate  of  soda,  it  is  evident  that  the  nitrogen  in 
these  substances  must  be  in  different  chemical  combinations. 

In  the  soil,  the  nitrogen,  which  constitutes  one  of  the  most 
important  elements  in  what  we  describe  as  permanent  fertility, 
is  always  in  combination  with  carbon.  In  this  form  it  is  both 
insoluble  and  inactive,  and,  for  most  crops  at  any  rate,  it  only 
becomes  available  when,  by  the  process  of  nitrification,  it  ceases 
to  be  in  combination  with  carbon. 

In  dung,  by  far  the  greater  part  of  the  nitrogen  is  in  combi- 
nation with  carbon  ;  and,  when  we  consider  the  various  sub- 
stances which  make  up  the  mass  of  the  manure,  we  recognise  at 
once  that  the  periods  of  their  decay,  or  nitrification,  must  vary 
greatly.  The  carbon  may  be  separated  from  the  nitrogen  in 
nrine  in  the  course  of  a  very  short  time,  while  it  may  take 
many  years  to  nitrify  portions  of  the  nitrogenous  organic  matter 
of  straw,  especially  on  heavy  land. 

We  have  mentioned  that  in  consequence  of  the  inactive  condi- 
tion of  much  of  the  nitrogen  in  dung,  it  requires  a  considerably 
larger  application  of  that  substance,  to  grow  the  same  amount  of 
crop  as  that  produced  by  a  much  smaller  application  of  nitrogen 
in  the  more  active  form  of  ammonia-salts,  or  nitrates.  This 
being  the  case,  it  is  evident  that  in  the  soil  where  dung  has  been 
employed,  we  ought  to  find  a  larger  amount  both  of  carbon  and 
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nitrogen,  than  in  the  soil  where  artificial  manures  have  been 
used. 

The  evidence  which  we  possess  on  this  point  is  both  interest- 
ing and  instructive. 

On  tlie  Underground  Fertility  of  Plots  2,  3,  and  7, 

Although  the  nitrogen  supplied .  to  the  land  in  the  14  tons  of 
dung  was  considerably  in  excess  of  the  amount  supplied  to 
plot  7  in  the  salts  of  ammonia,  still  the  produce  of  wheat  was 
nearly  the  same  on  the  two  plots ;  while  the  produce  on  plot  8 
— which  received  a  larger  amount  of  salts  of  ammonia — was 
much  higher  than  that  on  plot  2,  although  the  nitrogen  supplied 
was  still  considerably  less  than  that  contained  in  the  farmyard- 
manure. 

The  great  distinction  between  the  two  manures  is,  however, 
due  to  the  nitrogen  in  the  dung  being  chiefly  in  combination 
with  carbon,  and  very  little  is  yet  known  in  regard  to  the 
various  compounds  of  carbon  existing  in  the  soil. 

In  agriculture,  we  know  that  by  the. continual  application  of 
dung  to  the  soil,  as  is  the  case  in  a  garden,  the  soil  increases 
in  fertility,  however  much  we  may  crop  it.  Some  compounds 
of  carbon  and  nitrogen  are  exceedingly  durable,  a  familiar 
instance  of  which  is  to  be  found  in  coal ;  while  in  coke,  nearly 
one-half  of  the  nitrogen  contained  in  the  coal  appears  to  be 
retained,  although  the  latter  has  been  exposed  to  a  red  heat. 
As  regards  dung,  therefore — which  is  made  up  of  urine  (and 
some  other  secretions),  the  indigestible  portions  of  food,  and 
straw — we  might  expect  to  find  that  the  process  of  its  decay 
and  parting  with  its  carbon  would  extend  over  very  different 
periods  of  time. 

The  soil  of  the  dunged  plot  has  been  sampled  and  analysed 
on  four  different  occasions.  These  analyses  form  a  portion  of 
an  immense  series  of  soil  analyses  which  have  been  made  from 
time  to  time  of  the  soils  of  the  various  experimental  and 
other  fields  at  Rothamsted. 

Some  analyses  have  been  made  of  subsoils  taken  to  a  depth 
of  9  feet  from  the  surface,  but  the  greater  portion  of  the 
samples  do  not  extend  below  27  inches,  each  sample  repre- 
senting 9  inches  of  depth. 

The  great  advantage  to  be  derived  from  taking  a  large 
number  of  samples,  and  making  a  large  number  of  analyses  is, 
that  we  are  thus  enabled  to  form  a  better  judgment  as  to  the 
value  and  applicability  of  each  separate  result.  In  the  present 
instance,  however,  our  object  is  rather  to  point  out  the  circum- 
stances .under  which  fertility  accumulates  in  the  soil,  than  to 
attempt  to  measure  its  exact  amount. 
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We  estimate  that  within  27  inches  from  the  surface,  the 
nitrogen  on  plot  2  will  amount  to  more  than  8000  lbs.  per 
acre ;  and  that  it  would  exceed  the  amount,  to  the  same  depth, 
on  plot  7  by  more  than  1700  lbs.,  and  that  on  the  permanently 
nnmanured  plot  (3)  by  more  than  2200  lbs. 

By  far  the  largest  difference  in  the  nitrogen  of  the  three  plots 
is  found  in  the  first  9  inches  from  the  surface.  To  that  depth 
the  dunged  land  contained  nearly  double  the  amount  of  nitrogen 
which  is  found  on  plot  3,  and  more  than  one  and  a  half  times 
as  much  as  is  found  on  plot  7 ;  and  we  estimate  that  plot  3, 
after  the  removal  of  forty  unmanured  crops  of  wheat  m  suc- 
cession, still  contains  about  2400  lbs.  of  nitrogen  in  the  first 
9  inches  from  the  surface ;  this,  in  fact,  represents  the  residue 
of  the  natural  fertility,  or,  to  use  a  word  imported  into  the 
Agricultural  Holdings  Act,  the  inherent  capability  of  the  soil. 

The  relation  between  the  carbon  and  nitrogen  in  these  three 
soils,  which  differ  so  greatly  in  their  total  amount  of  nitrogen, 
indicates  that  they  do  not  differ  much  in  their  character.  On 
the  unmanured  land  the  amount  of  carbon  to  1  of  nitrogen  is 
not  quite  10  ;  on  plot  7  it  is  lOj^  to  1 ;  and  on  the  land  which  re- 
ceives dung  it  is  not  quite  12  to  1.  Now  the  unmanured  plot  has 
received  neither  carbon  nor  nitrogen  in  manure;  plot  7  has 
received  a  very  large  amount  of  nitrogen,  but  no  carbon  ;  while 
plot  2  has  received  a  very  large  amount  of  both  carbon  and 
nitrogen.  The  relation  of  the  carbon  to  the  nitrogen  in  the 
farmyard-manure  is  about  20  to  1 ;  this  proportion  is  totally 
different  from  what  we  find  in  the  soil. 

The  close  relation  between  the  carbon  and  nitrogen  in 
the  soils  of  plot  3  and  plot  7  indicates  that  the  larger  amount 
of  nitrogen  found  in  the  soil  of  plot  7  is  not  due  to  the  direct 
storing  up  of  ammonia  by  the  soil,  but  to  the  nitrogen  forming 
part  of  vegetable  growth,  and  being  thus  stored  up  in  the 
stubble  and  roots. 

If  the  nitrogen  of  the  salts  of  ammonia  had  been  stored  up  in 
any  form  except  that  of  vegetable  growth,  the  relation  of  carbon 
to  nitrogen  would  have  been  lower  on  plot  7  than  on  plot  3, 
instead  of  which  it  is  higher.  There  is  also  very  clear  evidence, 
derived  from  analyses  of  the  soils  of  plot  3  and  plot  7,  that  of 
the  two  the  latter  contains  by  far  the  larger  amount  of  unex- 
hausted fertility. 

In  the  adjoining  field,  where  barley  is  grown  continuously, 
we  have  not  only  the  evidence  of  the  same  accumulation  having 
taken  place  where  farmyard-manure  was  employed,  as  shown  by 
analysis,  but  we  have  the   evidence  of  the  crops  themselvesw 
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For  twenty  years  in  succession,  14  tons  of  farmyard  dung  were 
applied  to  one  plot  of  barley,  after  which  period  the  plot  was 
divided  into  two;  on  one  half  the  dung  was  continued  as 
before,  and  on  the  other  half  it  was  stopped.  Up  to  the  present 
time  12  unmanured  crops  have  been  taken,  which  yielded  an 
average  of  34j^  bushels  per  acre,  and,  as  the  last  crop  in  a  rather 
favourable  season  (1883)  exceeded  35  bushels,  there  is  evidence 
of  a  long  future  before  the  fertility  due  to  the  residue  of  the 
twenty  years'  application  of  dung  will  be  exhausted. 

In  the  same  field  all  the  plots  which  have  been  manured  with 
rape-cake  showed  by  analysis  that  the  soil  contained  a  con- 
siderably larger  amount  of  nitrogen  than  any  of  the  plots  where 
minerals,  or  minerals  with  salts  of  ammonia  or  nitrate,  had  been 
used.  While  therefore  fertility  may  be  stored  up  in  the  soil  in 
the  form  of  such  mineral  substances  as  potash  or  phosphate,  it 
does  not  appear  that  the  more  valuable  substance,  nitrogen,  can 
be  stored  up  unless  as  united  with  carbon.  Or,  in  other  words^ 
while  the  soil  fixes  potash  and  phosphoric  acid  independently 
of  vegetation,  nitrogen  is  only  fixed  by  the  agency  of  vegetation. 


SUMMARY  AND  GENERAL  CONCLUSIONS. 

The  Soil. 

1.  A  soil  which  in  the  ordinary  course  of  agriculture  would 
have  received  an  application  of  manure  before  another  crop  was 
grown,  has  produced  forty  crops  of  wheat  in  succession,  averaging 
14  bushels  per  acre,  solely  by  means  of  its  existing  fertility. 

2.  At  the  commencement  of  the  experiments  the  soil  contained 
a  large  amount  of  organic  nitrogen,  derived  from  the  ddbris  of 
pre-existing  vegetation.  It  also  contained  a  large  amount  of  the 
mineral  food  of  plants. 

3.  Every  year  a  certain  proportion  of  the  organic  nitrogen 
has  been  nitrified  by  the  agency  of  organisms  existing  in  the  soil. 

4.  Part  of  the  nitrates  formed  has  been  employed  in  the 
growth  of  the  wheat  crop  ;  part  has  been  washed  out  of  the  soil 
or  otherwise  lost. 

5.  The  loss  of  nitric  acid  is  greater  in  wet  seasons,  and  the 
amount  taken  up  by  the  wheat  crop  is  in  consequence  smaller. 
Comparatively  dry  seasons  should  therefore  be  favourable  for 
the  production  of  large  crops  of  wheat. 

6.  The  stock  of  soil  fertility  in  the  form  of  organic  nitrogen 
has  been  considerably  reduced  during  the  forty  years  that  the  ex- 
periments have  been  carried  on  ;  and  the  amount  of  such  rcduc- 
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tion  has  been  ascertained  by  analyses  of  the  soil  made  at  different 
periods.  The  stock  of  both  potash  and  phosphoric  acid  has  also 
been  largely  reduced. 

7.  Although  so  much  soil  fertility  has  been  removed,  the 
stock  that  remains  would  appear  to  be  sufficient  to  grow  crops  of 
wheat  for  a  very  long  period ;  the  produce,  however,  must  in 
process  of  time  necessarily  be  lower  than  it  has  hitherto  been. 


Manubes. 

8.  Mineral  manures  alone  have  added  very  slightly  to  the 
produce  grown  upon  the  un manured  land. 

9.  Manures  containing  nitric  acid  alone,  or  some  compound 
of  nitrogen  which  is  easily  nitrified,  have  considerably  increased 
the  crop. 

10.  The  soil  therefore  contained  a  stock  of  minerals  which  the 
wheat  crop  was  unable  to  make  use  of,  owing  to  the  insufficient 
supply  of  nitrogen  in  some  available  form. 

11.  Manures  consisting  of  potash,  phosphoric  acid,  and. 
ammonia  or  nitrates,  appear  competent  to  grow  large  crops  of 
wheat  continuously. 

12.  A  given  weight  of  nitrogen  as  nitric  acid,  has  produced 
more  growth  in  the  wheat  crop  than  the  same  weight  of  nitrogen 
in  salts  of  ammonia. 

13.  The  amount  of  nitrogen  supplied  in  the  manures  is  very 
much  in  excess  of  the  amount  recovered  in  the  increase  of  the 
crops. 

14.  After  a  certain  amount  of  growth  has  been  reached,  each 
increase  of  crop  requires  a  proportionately  larger  application 
of  manure.  When  the  price  of  grain  is  high,  larger  crops  can  be 
grown  more  profitably  than  when  the  price  is  low. 

15.  When  farmyard  dung  is  employed  to  grow  wheat,  a  con- 
siderably larger  amount  of  nitrogen  must  be  applied  to  produce 
a  given  increase  in  the  crop,  as  much  of  the  nitrogen  contained 
in  the  dung  is  not  in  an  active  condition. 

16.  A  given  weight  of  nitrogen,  in  the  form  of  nitric  acid, 
will  produce  more  growth  in  the  crop  to  which  it  is  applied 
than  the  same  weight  of  nitrogen  in  dung ;  but  the  influence  of 
the  nitrate  upon  succeeding  crops  will  be  very  much  less. 

17.  There  is  no  evidence  to  show  whether  the  whole  avail- 
able effect  of  the  nitrogen  in  one  manure  is  greater  than  it  is 
in  the  other. 
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Unexhausted  Manubes. 

18.  In  the  absence  of  vegetation,  or  when  applied  to  crops  in 
excess  of  their  requirement,  both  potash  and  phosphoric  acid 
form  insoluble  compounds  with  the  soil  and  become  available 
for  future  crops. 

19.  In  the  absence  of  vegetation,  or  when  the  amount  supplied 
is  in  excess  of  the  requirements  of  the  crop,  nitrates  and  salts  of 
ammonia  do  not  appear  to  form  permanent  compounds  with  the 
soil,  but,  on  the  contrary,  are  liable  to  be  washed  out  by  rain,  or 
to  be  otherwise  lost. 

20.  The  application  of  a  larger  amount  of  nitrogen,  as  nitrates 
or  salts  of  ammonia,  than  the  crop  can  utilize,  does  not 
appear  to  prevent  the  nitrification  of  the  organic  nitrogen  of  the 
soil. 

21.  The  stock  of  nitrogen  of  the  soil  itself,  therefore,  may 
be  reduced,  although  the  annual  application  of  nitrogen  may  be 
much  in  excess  of  the  amount  of  that  substance  removed  in  the 
crop. 

22.  When  large  crops  of  wheat  have  been  grown  by  the 
application  of  nitrates  or  salts  of  ammonia,  with  mineral  manures, 
the  soil  does  not  appear  to  have  gained  or  lost  fertility.  Nitri- 
fication of  the  organic  matter  in  the  soil  may  have  gone  on  as 
usual,  but  the  loss  has  been  made  good  by  the  amount  of 
nitrogen  stored  up  in  the  stubble  and  underground  roots  of  the 
large  crops  so  grown. 

23.  When  dung  is  applied  continuously  to  land,  the  accu- 
mulation of  unexhausted  fertility  becomes  very  large,  and  the 
removal  by  crops  of  the  substance  accumulated  would  extend 
over  a  long  series  of  years. 

24.  Dung  applied  to  land  in  the  ordinary  processes  of  agri- 
culture will  not  be  entirely  exhausted  until  a  considerable 
number  of  years  have  elapsed  from  the  time  of  its  application. 
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Appsndix-Tablk  II.— Pbodugb  of  the  2l8t  Season,  1863-4.  Seed  (Bed 
Bostooe)  sown  November  16, 1863 ;  Obop  cat  August  12-16,  and  cartod 
August  19  and  20, 1864. 


Pnxlaoe  per  Acre,  &c 

• 

Increase  per  Acre  by 

(F 

'or  (he  Manureis  aee  pp.  63  and  64.) 
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Appendix-Tablb  III. — PRODUOE  of  the  22nd  Season,  1864-5,    Seed  (Bed 
Bostook)  sown  Noyembsb  10, 1864;  Crop  cut  August  10-12, 1865. 


Produce  per  Acre,  &c. 

Increase  per  Acre  by 

(For  the  Manures,  see  pp.  63  and  64.) 
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Appbnbix-Tablb  IV. — Pboduob  of  the  23rd  Season,  1865-6.  Sked  (Red 
Robtooe)  sown  Noyembbb  10,  1865 ;  Gbop  cat  AuausT  12-15,  and  carted 
August  27,  1866. 


Produce  per  Acre,  &c.                                Increase  per  Acre  by 

(For  the  Manures,  see  pp.  63  and  64.) 
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19 
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61-0 
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21 
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5-7 
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82 

2 
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94 
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4-8 
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80 

3 
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26 

1 

61-2 

88 

1693 

2792 

4485 

916 

1523 

2439 
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94 

1848 

3047 

4895 

1071 

1778 

2849 

5-4 

60-7 

llA 

27 

3} 

60-8 

95 

1789 

8130 

4919 

1012 

1861 

2878 

5-6 

57-2 

11b 

28 

Oi 

60-5 

98 

1800 

8252 

5052 

1023 

1983 

8006 

5-7 

55-4 

12a 

28 

U 

61  0 

72 

1804 

3473 

5277 

1027 

2204 

8231 

4-2 

51-9 

12b 

28 

Oi 

61-3 

83 

1812 

3588 

5350 

1035 

2269 

8304 

4-8 

51-2 

13a 

24 

Oi 

62-0 

77 

1576 

3350 

4926 

799 

2081 

2880 

51 

47-0 

13b 

25 

l} 

61-5 

92 

1647 

3623 

5270 

870 

2354 

3224 

5-9 

45-5 

14a 

28 

611 

80 

1813 

8568 

5376 

1036 

2294 

3380 

4-6 

50-9 

14n 

27 

2} 

61-3 

77 

1768 

3867 

5135 

991 

2098 

3089 

4-5 

52-5 

15a 

26 

0 

61-6 

54 

1655 

3053 

4708 

878 

1784 

2662 

3-4 

54-2 

15b 

26 

1* 

61-4 

70 

1690 

3297 

4987 

913 

2028 

2941 

4-3 

51-3 

16a 

17 

Oi 

61-9 

51 

1111 

1955 

8066 

834 

686 

1020 

4-8 

56*8 

16b 

17 

2 

61*6 

50 

1127 

1968 

3095 

350 

699 

1049 

4-7 

57-3 

17a 

27 

Oi 

61-3 

71 

1739 

3365 

5104 

962 

2096 

8058 

4-3 

51-7 

17B 

25 

2i 

61-1 

78 

1643 

3582 

5225 

866 

2318 

3179 

50 

45-9 

18a 

12 

Of 

60-6 

88 

775 

1502 

2277 

-     2 

283 

231 

5-2 

51-6 

18b 

13 

Of 

60  8 

43 

846 

1533 

2379 

69 

264 

338 

5-4 

55-2 

19 

26 

2i 

59-7 

113 

1698 

3347 

5045 

921 

2078 

2999 

71 

50-7 

20 

13 

^ 

59-1 

82 

887 

1627 

2464 

60 

358 

418 

8-9 

51-4 

21 

17 

2 

59-9 

26 

1072 

2104 

3176 

295 

835 

1130 

2-5 

51-0 

22 

18 

If 

59-8 

28 

1128 

2127 

3250 

346 

858 

1204 

21 

52-8 
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Appendiz-Tabli  Y. — Pboduoe  of  the  24th  Season,  1866-7.  Seed  (Bed 
Hostook)  sown  NoYsifBEB  8,  1866;  Cbop  cut  August  23  and  24,  and 
carted  August  30,  1867. 


Prodnoe  per  Acre,  Ac. 

Increase  per  Acre  by 

(For  the  Manores,  see  pp.  63  and  64.) 

Manure. 

Offal 

Grain 

to  100 

Dreeaed. 

Total 
Grain 
to  100 
Straw. 

Plots. 

Dressed  Grain. 

Offal 
Grain. 

Total 
Grain. 

Straw 

and 

Chaff. 

Total 

Produce 

(Grain 

and 

Grain. 

Straw 

and 

Chaff. 

Total 
Produce. 

Qoantlty. 

Weight 
per 

Bushel. 

Straw). 

tmah. 

pcln. 

Ibe. 

llw. 

lbs. 

Ibfl. 

IbB. 

lbs. 

1>«. 

lbs. 

0 

10 

2i 

58-7 

41 

664 

1320 

1984 

132 

347 

479 

6-6 

50-3 

1 

7 

3* 

57-9 

34 

487 

944 

1431 

-  45 

-  29 

-  74 

7-5 

61-6 

2 

27 

21 

61-4 

61 

1755 

3136 

4891 

1223 

2163 

3386 

3-6 

6^50 

3 

8 

3i 

56- 1 

33 

532 

973 

1505 

•  • 

•  • 

•  • 

6-6 

54-7 

4 

9 

1 

58-6 

41 

583 

999 

1582 

51 

26 

77 

7-6 

58-4 

5a 

9 

2| 

59-7 

33 

609 

1099 

1708 

77 

126 

203 

5*8 

55-4 

5b 

8 

^ 

59-0 

29 

551 

966 

1517 

19 

-     7 

12 

5-5 

57-1 

6a 

15 

n 

60-6 

43 

972 

1684 

2656 

440 

711 

1151 

4-7 

57-7 

6b 

16 

Of 

60-5 

55 

1033 

1762 

2795 

501 

789 

1290 

5-6 

58-7 

7a 

22 

3i 

61-3 

62 

1469 

2796 

4265 

937 

1823 

2760 

4-4 

52-5 

7b 

21 

u 

60-7 

67 

1365 

2727 

4092 

833 

1754 

2587 

5-2 

501 

8a 

29 

u 

60-8 

lOS 

1896 

4103 

5999 

1364 

3130 

4494 

60 

46-2 

8b 

31 

ii 

60*5 

10  i 

2008 

4288 

6296 

1476 

3315 

4791 

5-5 

46-8 

9a 

29 

0| 

59-9 

112 

1855 

4918 

6773 

1323 

3945 

5268 

6-4 

37-7 

9b 

22 

Oi 

57-4 

124 

1892 

3246 

4638 

860 

2273 

3133 

9-8 

42-9 

10a 

18 

Oi 

57-9 

77 

1123 

2023 

3146 

591 

1050 

1641 

7-3 

55-5 

10b 

19 

Ik 

59-3 

88 

1237 

2138 

3375 

705 

1165 

1870 

7-7 

57-9 

llA 

21 

3i 

59-1 

64 

1360 

2218 

3578  . 

828 

1245 

2073 

4-9 

61-3 

llB 

22 

1 

59-8 

84 

1416 

2402 

3818  1 

884 

1429 

2313 

6-3 

59-0 

12a 

25 

0| 

60-2 

65 

1577 

2628 

4205 

1045 

1655 

2700 

4-3 

600 

12b 

23 

8} 

60-6 

59 

1511 

2685 

4196 

979 

1712 

2691 

41 

56-3 

18a 

23 

li 

60*8 

51 

1471 

2662 

4133 

939 

1689 

2628 

3-6 

55-3 

13b 

24 

1 

60-7 

58 

1529 

2822 

4351 

997 

1849 

2846 

4-0 

54-2 

14a 

28 

Of 

59*8 

61 

1450 

2598 

4048 

918 

1625 

2543 

4-4 

55-8 

14b 

22 

u 

59-6 

70 

1398 

2537 

3935 

866 

1564 

2430 

6-2 

551 

15a 

22 

3J 

60-2 

51 

1427 

2670 

4097 

895 

1697 

2592 

3-7 

53-5 

15b 

23 

OJ 

59-5 

56 

1435 

2730 

4165 

903 

1757 

2660 

41 

52-6 

16a 

14 

1| 

59-4 

85 

890 

1583 

2473 

358 

610 

968 

41 

56-2 

16b 

14 

3* 

59*  1 

33 

907 

1643 

2550 

375 

670 

1045 

3-8 

55-2 

17a 

10 

^ 

59*2 

31 

678 

1193 

1871 

146 

220 

366 

5-3 

56-8 

17b 

10 

n 

57-6 

42 

658 

1257 

1915 

126 

284 

410 

6-8 

52*3 

18a 

22 

3 

59-1 

88 

1884 

2558 

3942 

852 

1585 

2437 

2-8 

54- 1 

18b 

24 

If 

57-5 

45 

1448 

2675 

4123 

916 

1702 

2618 

8-2 

541 

19 

23 

8| 

56-7 

63 

1421 

2620 

4041 

889 

1647 

2536 

4-7 

54*2 

20 

7 

Of 

56*4 

28 

433 

948 

1381 

-  99 

-  25 

-124 

7-0 

45-6 

21 

12 

it 

59-3 

40 

787 

1388 

2175 

255 

415 

670 

6-4 

56-7 

22 

12 

59-3 

41 

791 

1377 

2168 

259 

404 

663 

5-4 

57-4 
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AfpbkdiZ'Table  YI.— Pboduoe  of  tbe  25th  Season,  1867-8.  Seed  (Bed 
Bobtook)  Bown  Noyembbb  2,  1867;  Cbop  cut  Jult  22-28,  and  carted 
July  25-29, 1868. 


ProdQce  per  Acre,  ftc 

i 

Increase  per  Acre  by 

(For  the  lianures,  see  pp.  63  and  M.) 

Manure. 

Offal 

Grain 

to  100 

Dressed. 

Total 
Grain 

Plots. 

Dreasrd  Grain. 

OfEd 
Grain. 

Total 
Grain. 

Straw 

and 

Ghaff. 

Total 

Produce 

(Grain 

and 

Grain. 

Straw 

and 

Ghafr. 

Total 
Prodooe. 

Qoantity. 

Weight 
per 

to  100 

Straw. 

■ 

Boshd. 

Straw). 

bush.  pcks. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

0 

22     H 

61-4 

S3 

1404 

1855 

3259 

350 

882 

1232 

2-4 

75-7 

1 

20    2i 

600 

27 

1259 

1594 

2853 

205 

621 

826 

2-2 

790 

2 

41     3 

61-6 

83 

2604 

4190 

6794 

1550 

8217 

4767 

1-3 

62*1 

3 

16    21 

610 

41 

1054 

973 

2027 

•  • 

•  • 

V  • 

4-0 

108-4 

4 

17    2 

61-6 

27 

1103 

1345 

2448 

49 

372 

421 

2-5 

820 

5a 

16    H 

62-2 

28 

1044 

1250 

2294 

-  10 

277 

267 

2-8 

83-5 

5b 

18    ^ 

63-5 

28 

1226 

1442 

2668 

172 

469 

641 

2-4 

850 

6a 

27    3 

62-4 

51 

1782 

2437 

4219 

728 

1464 

2192 

30 

73*  1 

6b 

28    Si 

63-2 

57 

1887 

2700 

4587 

833 

1727 

2560 

31 

69-9 

7a 

40    2 

61-5 

86 

2528 

4017 

6545 

1474 

3044 

4518 

1-5 

62-9 

7b 

39    Of 

60-6 

S3 

2408 

3680 

6088 

1354 

2707 

4061 

1-4 

65*4 

8a 

44    0| 

62- 1 

51 

2794 

4683 

7477 

1740 

3710 

5450 

1-9 

59*7 

8b 

48    3i 

61-9 

40 

3069 

4933 

8002 

2015 

3960 

5975 

IS 

62-2 

9a 

47    3i 

611 

46 

2970 

5180 

8150 

1916 

4207 

6123 

1-6 

57-3 

9b 

27    1 

620 

111 

1799 

2742 

4541 

745 

1769 

2514 

6-6 

65-6 

10a 

24    3 

61-9 

93 

1627 

2163 

3790 

573 

1190 

1763 

61 

75-2 

10b 

27    2i 

62-4 

118 

1846 

2364 

4210 

792 

1891 

2183 

6-9 

78-1 

Ua 

33    li 

62-4 

124 

2211 

2790 

5001 

1157 

1817 

2974 

5-9 

79*2 

llB 

33    2i 

62-2 

118 

2207 

2850 

5057 

1153 

1877 

3030 

5-6 

77*4 

12a 

39    2 

63-6 

101 

2611 

8421 

6032 

1557 

2448 

4005 

40 

76-4 

12b 

40    1 

63-3 

74 

2620 

3653 

6273 

1566 

2680 

4246 

2*9 

71-7 

13a 

37    3} 

630 

34 

2417 

4010 

6427 

1363 

3037 

4400 

1*4 

60*3 

13b 

40    2i 

63-2 

45 

2614 

4040 

6654 

1560 

3067 

4627 

1-7 

64*7 

14a 

41    Si 

63-9 

87 

2716 

3685 

6401 

1662 

2712 

4374 

1*4 

73*7 

14b 

41    1} 

64-1 

98 

2754 

3668 

6422 

1700 

2695 

4395 

3*7 

751 

15a 

44    0} 

63-8 

43 

2856 

4656 

7512 

1802 

3683 

5485 

1*5 

61  3 

15b 

41    2i 

63*3 

63 

2692 

4223 

6915 

1638 

3250 

4888 

2*4 

63*7 

16a 

23    0 

62-9 

34 

1481 

2125 

3606 

427 

1152 

1579 

2*3 

69*7 

16b 

22    2} 

62-7 

25 

1438 

1962 

3400 

384 

989 

1373 

1-8 

73*8 

17a 

38    0} 

63*4 

53 

2466 

3767 

6233 

1412 

2794 

4206 

2*2 

65-5 

17b 

36    3 

64-2 

55 

2413 

3527 

5940 

1859 

2554 

3913 

2*4 

68*4 

18a 

18    0} 

62-7 

28 

1168 

15S7 

2705 

114 

564 

678 

2*5 

76-0 

18b 

19    Oi 

62*9 

31 

1239 

1672 

2911 

185 

699 

884 

2*6 

74-1 

19 

36    3i 

62*9 

98 

2422 

3161 

5583 

1868 

2188 

8556 

4-2 

76*6 

20(0 

.. 

•  • 

•• 

•  • 

•  « 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

21 

26    1 

62-6 

44 

1687 

2267 

3954 

633 

1294 

1927 

2*7 

74*4 

22 

24    3i 

62-8 

48 

1615 

2300 

3915 

561 

1327 

1888 

31 

70*2 

(')  Prodooe  unknown,  owing  to  a  mistako  at  Ilarrcst. 
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Afpkmdix-Tablb  YII. — ^Pboduoie  of  the  26th  Sxabon,  1868-9.  Sbud  (Bed 
BoeTocK)  sown  Noyxmbbb  8, 1868  ;  Gbop  cut  August  16-^18,  and  carted 
August  21  and  24, 1869. 


Produce  per  Acre,  he 

• 

Increase  per  Acre  by 

(For  the  Manures,  see  pp.  63  and  64.) 

Manure. 

Offal 

Total 

Puna. 

Drened  Grain. 

Offal 
Grain. 

Total 
Grain. 

Straw 

and 

Chaff. 

Total 

Produce 

(Grain 

and 

Grain. 

Straw 

aiid 

Chaff. 

Total 
Produce. 

Grain 

to  100 

Dressed. 

Grain 

Quantity. 

Weight 
per 

to  100 
Straw. 

Bushel. 

Straw.) 

bash 

pcks. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lb«. 

0 

15* 

li 

58- 1 

66 

955 

1493 

2448 

107 

143 

250 

7-5 

640 

1 

12 

0} 

58-2 

36 

744 

1180 

1924 

-104 

-170 

-274 

51 

631 

2 

38 

1 

56-9 

80 

2256 

3937 

6193 

1408 

2587 

3995 

3-7 

57-3 

3 

14 

1 

561 

48 

848 

1350 

2198 

•  • 

• 

•  • 

5-9 

62-8 

4 

14 

3J 

571 

50 

896 

1405 

2301 

48 

55 

103 

5-9 

63-7 

5a 

15 

2i 

56-8 

45 

928 

1514 

2442 

80 

164 

244 

61 

61-3 

5b 

15 

Sk 

570 

53 

956 

1687 

2643 

108 

337 

445 

5-9 

56-7 

6a 

21 

Ok 

570 

69 

1273 

2250 

8523 

425 

900 

1325 

5-7 

56*6 

6b 

22 

Oi 

67-3 

80 

1345 

2280 

3625 

497 

930 

1427 

6-4 

590 

7a 

28 

2i 

57-7 

101 

1748 

3114 

4862 

900 

1764 

2664 

61 

561 

7b 

28 

1 

57-2 

156 

1771 

3309 

5080 

923 

1959 

2882 

9-7 

53-5 

8a 

h5 

Oi 

570 

107 

2105 

8898 

6003 

1257 

2548 

3805 

5-4 

540 

8b 

S4 

U 

57-5 

108 

2086 

3937 

6023 

1238 

2587 

3825 

5-4 

530 

9a 

39 

0 

571 

140 

2868 

4930 

7298 

1520 

3580 

5100 

6-3 

48-0 

9b 

24 

oj 

54-6 

136 

1452 

3475 

4927 

604 

2125 

2729 

10-3 

41-8 

10a 

20 

1 

54-9 

99 

1210 

2265 

3475 

362 

915 

1277 

8-9 

53-4 

]Qb 

19 

0} 

55-6 

125 

1188 

2186 

3374 

840 

836 

1176 

11-8 

54-3 

Ua 

24 

Ok 

ft6-2 

91 

1443 

2568 

4011 

595 

1218 

1813 

6-8 

56-2 

Ub 

20 

ll 

551 

128 

1251 

2345 

3596 

403 

995 

1398 

11-4 

53-4 

12a 

26 

li 

581 

102 

1638 

2637 

4275 

790 

1287 

2077 

6-6 

62- 1 

12b 

28 

Oi 

57-9 

100 

1726 

8008 

4734 

878 

1658 

2536 

61 

57-4 

13a 

25 

2} 

59-3 

110 

1631 

2826 

4457 

783 

1476 

2259 

7-3 

57-7 

13b 

28 

^ 

590 

125 

1827 

3267 

5094 

979 

1917 

2896 

7-3 

55-9 

Ha 

28 

I 

58-5 

128 

1778 

8076 

4854 

930 

1726 

2656 

7-8 

57-8 

14b 

27 

oj 

581 

126 

1701 

2999 

4700 

853 

1649 

2502 

8-0 

56-7 

15a 

26 

21 

581 

93 

1635 

2954 

4589 

787 

1604 

2391 

60 

55-4 

15b 

27 

Oi 

59-3 

88 

1694 

3008 

4702 

846 

1658 

2504 

5-5 

56-3 

16a 

16 

11 

58-6 

54 

1019 

1678 

2697 

171 

328 

499 

5-6 

60-8 

16b 

15 

3i 

581 

64 

982 

1614 

2596 

134 

264 

398 

70 

60*9 

17a 

15 

1 

.58-1 

64 

952 

1570 

2522 

104 

220 

824 

7-2 

60-7 

17b 

17 

0 

57-3 

86 

1059 

1829 

2888 

211 

479 

690 

8-9 

57-9 

18a 

23 

Oi 

58-7 

78 

1431 

2433 

3864 

583 

1083 

1666 

5-7 

58-8 

18b 

22 

3i 

580 

94 

1418 

2460 

3878 

570 

1110 

1680 

71 

57-6 

19 

23 

01 

56-7 

133 

1447 

2566 

4013 

599 

1216 

1815 

101 

56*4 

20 

13 

Of 

56-9 

77 

826 

1253 

2079 

-  22 

-  97 

-119 

10-2 

65-9 

21 

20 

2i 

581 

63 

1260 

2115 

8375 

412 

765 

1177 

5-3 

59-6 

22 

15 

Of 

581 

60 

P42 

1483 

2425 

94 

133 

227 

6-8 

63*5 
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Experiments  at  Jtothamsted  an  the  Growth 


Appbkddl-Tabuii  YIIL— Pboduoi  of  the  27th  Sbason,  1869-70.  Sbed  (Red 
Robtook)  sown  Notihbbb  3,  1869 ;  Gbop  out  Auoust  5-12,  and  carted 
August  11-15, 1870. 


Produce  per  Acre,  Ac. 

Increase  per  Acre  by 

(For  the  Manures,  see  pp.  63  and  64.) 

Mannre. 

ofoa 

Grain' 
to  100 
DroBsetT. 

Plots. 

Dressed  QTain. 

Offal 
Grain. 

Total 
Graai. 

Straw 

and 

Chaff. 

Total 

Produce 

(Grain 

and 

Grain. 

Straw 

and 

Chaff. 

Total 
Prodoce. 

Total 
Grain 

Qnantity. 

Weight 
per 

to  100 
Straw. 

Boabel. 

Straw). 

bnsh.pcks. 

lbs. 

lbs. 

lbs. 

lbs. 

IbA. 

lbs. 

lbs. 

lbs. 

0 

21 

2J 

621 

69 

1415 

1239 

2654 

459 

193 

652 

51 

1148 

1 

16 

0} 

62-5 

45 

1056 

1087 

2143 

100 

41 

141 

4-5 

97-1 

2 

36 

2 

63-4 

44 

2359 

2733 

5092 

1403 

1687 

8090 

1-9 

86*3 

3 

14 

3f 

61-8 

81 

956 

1046 

2002 

»• 

•  • 

•  • 

3-3 

91*3 

4 

15 

2} 

62-6 

39 

1023 

1107 

2130 

67 

61 

128 

40 

92*4 

5a 

18 

Of 

62-6 

40 

1178 

1302 

2480 

222 

256 

478 

3-6 

90*5 

5b 

19 

oi 

62-6 

28 

1228 

1419 

2647 

272 

373 

645 

2-3 

86*6 

6a 

29 

8 

680 

63 

1936 

2269 

4205 

980 

1223 

2208 

3-4 

85*3 

6b 

31 

Oi 

631 

58 

2023 

2438 

4461 

1067 

1892 

2459 

3-0 

830 

7a 

89 

21 

63*3 

59 

2568 

3148 

5716 

1612 

2102 

3714 

2-4 

81*6 

7b 

41 

Ik 

63*2 

56 

2672 

3284 

5956 

1716 

2238 

3954 

21 

81-4 

8a 

45 

3i 

63-7 

66 

2992 

3635 

6627 

2036 

2589 

4625 

2-3 

82*3 

8b 

44 

2 

63*8 

100 

2939 

3699 

6638 

1983 

2658 

4636 

3-6 

79*5 

9b 

45 

2 

62-7 

89 

2940 

3911 

6851 

1984 

2865 

4849 

31 

75*2 

9b 

26 

If 

61-3 

115 

1735 

2080 

3815 

779 

1034 

1813 

71 

83*4 

10a 

21 

2f 

60*8 

100 

1420 

1627 

8047 

464 

581 

1045 

7-6 

873 

10b 

23 

Of 

60-8 

88 

1496 

1748 

3244 

540 

702 

1242 

6-2 

85*6 

llA 

25 

n 

60*8 

128 

1653 

1917 

3570 

697 

871 

1568 

8-4 

86*2 

llB 

25 

60-7 

139 

1682 

1895 

3577 

726 

849 

1575 

90 

88*8 

12a 

36 

2 

62-4 

72 

2347 

2577 

4924 

1391 

1531 

2922 

3-2 

91*1 

12b 

34 

0 

62-5 

93 

2218 

2503 

4721 

1262 

1457 

2719 

4*4 

88-6 

13a 

35 

2i 

63-7 

64 

2328 

2815 

5143 

1872 

1769 

3141 

2-8 

82*7 

13b 

88 

li 

63-9 

82 

2585 

2993 

5528 

1579 

1947 

8526 

3-4 

84*7 

14a 

35 

0^ 

63-2 

117 

2336 

2584 

4920 

1380 

1538 

2918 

5-4 

90*4 

14b 

36 

1 

62-7 

125 

2398 

2588 

4986 

1442 

1542 

2984 

5-5 

92*6 

15a 

38 

Of 

63*8 

68 

2502 

3072 

5574 

1546 

2026 

3572 

2*8 

81*5 

15b 

38 

2i 

63-9 

80 

2550 

8119 

5669 

1594 

2073 

3667 

3-3 

81*8 

16a 

18 

U 

63-2 

48 

1207 

1865 

2572 

251 

319 

670 

4*2 

88*4 

16b 

18 

Of 

63-3 

56 

1208 

1333 

2541 

252 

287 

539 

4*9 

90*7 

17a 

83 

n 

68*6 

63 

2187 

2628 

4815 

1231 

1582 

2813 

3*0 

83*2 

17b 

35 

1 

63-7 

70 

2315 

2715 

5030 

1859 

1669 

3028 

81 

85*3 

18a 

17 

3 

63-1 

56 

1175 

1259 

2434 

219 

213 

432 

50 

93*3 

18b 

20 

1 

63-3 

53 

1335 

1488 

2823 

879 

442 

821 

4*1 

89*7 

19 

32 

1 

62-3 

128 

2137 

2242 

4379 

1181 

1196 

2377 

6*4 

95*4 

20 

14 

2f 

62-5 

23 

943 

1175 

2118 

-  13 

129 

116 

2-5 

80*8 

21 

25 

3 

631 

39 

1666 

1949 

3615 

710 

903 

1618 

2*5 

85*4 

22 

26 

2i 

630 

49 

1728 

1996 

3719 

767 

950     1717 

2*9 

86*8 

of  WheaJt  Year  after  Year  on  the  same  Lani. 
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Afpbhdix-Tabijb  IX.— Pboduob  of  the  28ih  Season,  1^70-1.  Skbd  (Bkd 
BoflTOOK)  sown  NoYUCBBB  1  and  %  1870 ;  Crop  out  August  '21-23,  and 
carted  August  28-31, 1871. 


Prodooe  per 

Acre,  lee. 

Increaae  per  Acre  by 

(For  the  Maniirea,  see  pp.  83  and  64.) 

Manure. 

Offal 

fn    A     • 

' 

ToUl 

Pun. 

DmaedGimiD. 

Offid 
Grain. 

ToUl 
Grain. 

Straw 

and 

Chafr. 

Total 

Produce 

(Grain 

and 

Grain. 

Straw 

and 

Chair. 

Total 
Produoe. 

Grain 

to  100 

Dresaed. 

Grain 

QaanUty. 

Weight 
per 

to  100 
Straw. 

BusbeL 

Straw). 

Iha. 

Iba. 

Iba. 

Iba. 

Iba. 

Iba. 

Ibe. 

Iba. 

0 

13 

3! 

56*5 

102 

889 

1566 

2455 

274 

466 

740 

130 

56-7 

1 

10 

W 

570 

97 

685 

1451 

2136 

70 

851 

421 

16*5 

47-2 

2 

38 

600 

161 

2498 

4506 

7004 

1883 

3406 

5289 

6-9 

55-5 

3 

9 

54-8 

106 

615 

1100 

1715 

•  • 

•  • 

•  ■ 

20-9 

65-9 

4 

10 

57-0 

118 

708 

1277 

1985 

93 

177 

270 

201 

55*4 

5a 

11 

0 

56*4 

97 

718 

1340 

2058 

103 

240 

343 

15-6 

53-6 

5b 

12 

3 

56-7 

103 

827 

1529 

2356 

212 

429 

641 

14-3 

541 

6a 

16 

3} 

56-8 

138 

1099 

2290 

8389 

484 

1190 

1674 

14-3 

48-0 

6b 

17 

0 

56-3 

123 

1078 

2304 

3382 

463 

1204 

1667 

12-8 

46-8 

7a 

22 

0} 

56- 0 

263 

1503 

3093 

4596 

888 

1993 

2881 

21-2 

48-6 

7b 

22 

57-3 

245 

1520 

8076 

4596 

905 

1976 

2881 

19-2 

49-4 

8a 

26 

1 

57- 1 

247 

1745 

3716 

546! 

1180 

2616 

8746 

16-5 

470 

8b 

29 

0* 

58-3 

240 

1940 

4150 

6090 

1325 

3050 

4375 

14*2 

46-7 

9a 

34 

li 

58*6 

210 

2228 

4909 

7137 

1613 

3809 

5422 

10-5 

45-4 

9b 

17 

2J 

52-4 

171 

1093 

2425 

3518 

478 

1325 

1803 

18-6 

451 

10a 

10 

Oi 

53*8 

130 

675 

1252 

1927 

60 

152 

212 

240 

53*9 

10b 

10 

0 

63-8 

125 

663 

1339 

2002 

48 

239 

287 

23*2 

49*5 

llA 

12 

0} 

54-3 

139 

795 

1448 

2243 

180 

348 

528 

21-2 

54-9 

11b 

9 

3i 

53-8 

137 

668 

1279 

1947 

53 

179 

232 

25-8 

52-2 

12a 

22 

2} 

56-5 

177 

1458 

2700 

4158 

843 

1600 

2443 

13-8 

540 

12b 

19 

1| 

55-6 

178 

1259 

2440 

3699 

644 

1340 

1984 

16-4 

51-6 

ISA 

28 

1 

57-6 

184 

1812 

3433 

5245 

1197 

2333 

3530 

11-3 

52-8 

1»b 

32 

Oi 

58-2 

185 

2050 

4125 

6175 

1435 

3025 

4460 

9-9 

49-7 

14a 

26 

9 

21 

570 

213 

1728 

3063 

4791 

1113 

1963 

3076 

141 

56-4 

14b 

21 

3i 

56-7 

246 

1490 

2937 

4427 

875 

1837 

2712 

19-8 

50*8 

15a 

29 

\\ 

590 

177 

1905 

3597 

5502 

1290 

2497 

3787 

10-2 

530 

15b 

32 

Oi 

58-7 

209 

2093 

3808 

5901 

1478 

2708 

4186 

111 

55*0 

16a 

13 

1 

57-2 

78 

836 

1510 

2346 

221 

410 

631 

10-2 

55*4 

16b 

13 

3 

56-5 

64 

841 

1573 

2414 

226 

473 

699 

8-2 

53-5 

17a 

13 

11 

560 

74 

824 

1608 

2482 

209 

508 

717 

9-8 

51*3 

17b 

18 

m 

2 

56-8 

78 

1129 

2032 

3161 

514 

932 

1446 

7-4 

55-6 

18a 

28 

Oi 

58-6 

118 

1763 

3254 

5017 

1148 

2154 

3302 

72 

54-2 

18b 

28 

3 

580 

124 

1792 

3428 

5220 

1177 

2328 

3505 

7-4 

52-3 

19 

22 

li 

560 

165 

1413 

2688 

4101 

798 

1588 

2386 

13-2 

52-6 

20 

10 

1} 

55*8 

83 

6G5 

1850 

2015 

50 

250 

300 

14  3 

49-3 

21 

15 

Oi 

56-8 

115 

979 

1873 

2852 

364 

773 

1137 

13-4 

52-3 

22 

16 

3 

56-9 

113 

101)7 

1871 

2938 

452 

771 

1223 

11-8 

570 

F   2 
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Experiments  at  Bothamsted  on  the  Growth 


Appbndix-Tablb  X. — Fbodugb  of  the  29tb  Sbabon,  1871-2.  Sbed  (Bbd 
Bobtook)  sown  Ootobbb  28,  1871 ;  Cbop  cut  Augubt  16  and  17,  and 
carted  August  20  and  21, 1872. 


Prodace  per  Acre,  &c 
(For  the  Mauurea,  see  pp.  63  and  64.) 

Increase  per  Acre  Ij 
Manure. 

PWS                * 

Plots. 

Dreswd  Grain. 

Offal 
Grain. 

Total 
Grain. 

Straw 

anil 

Chaff. 

Total 

Produce 

(Grain 

and 

Straw). 

Grain. 

Straw 

and 

Chaff. 

Total 
Produce. 

Offal 

Grain 

to  100 

Dressed. 

Total 
Grain 

Quantity. 

« 

Weight 

per 
Bushel. 

tolOO 
Straw. 

0 

bosh. 
17 

pckg. 

1 

Ibe. 
58-7 

Ibfl. 
46 

Ibfl. 
1060 

Ibfl. 
1873 

lbs. 
2933 

lbs. 
855 

lbs. 
721 

lbs. 
1076 

4-6 

56-6 

1 

10 

3J 

57-9 

72 

701 

1270 

1971 

-     4 

118 

114 

11-5 

55-2 

2 

82 

U 

60-7 

80 

2046 

3761 

5807 

1841 

2609 

3950 

4-1 

54*4 

8 

10 

21 

590 

76 

705 

1152 

1857 

.  • 

•  ■ 

•  • 

12-1 

61-2 

4 

11 

U 

57-6 

65 

717 

1216 

1933 

12 

64 

76 

100 

590 

5a 

12 

8i 

60-2 

58 

836 

1801 

2187 

181 

149 

280 

7-4 

64-3 

5b 

12 

^ 

59-8 

77 

833 

1361 

2194 

128 

209 

387 

101 

61-2 

6a 

20 

H 

60-1 

58 

1308 

2770 

4078 

608 

1618 

2221 

4-6 

47-2 

6b 

20 

Of 

60-8 

82 

1299 

2863 

8662 

594 

1211 

1805 

6-7 

550 

7a 

30 

li 

60-4 

103 

1986 

3611 

5547 

1231 

2459 

8690 

5-6 

53-6 

7b 

29 

Oi 

600 

191 

1937 

4048 

5980 

1282 

2891 

4128 

10-9 

47-9 

8a 

87 

Oi 

60-5 

164 

2404 

5430 

7884 

1699 

4278 

5977 

7-8 

44-3 

8b 

84 

Oi 

60-4 

188 

2244 

4712 

6956 

1539 

8560 

5099 

91 

47-6 

9a 

40 

21 

600 

124 

2565 

6527 

9092 

1860 

5375 

7235 

61 

39-3 

9b 

28 

n 

55-5 

138 

1434 

8210 

4644 

729 

2058 

2787 

10-6 

44-7 

10a 

18 

0 

56-8 

157 

1178 

2442 

8620 

473 

1290 

1763 

15-4 

48-2 

IQb 

18 

21 

55-9 

122 

1166 

2440 

8606 

461 

1288 

1749 

11-6 

47-8 

llA 

27 

0 

59-5 

160 

1766 

3387 

5153 

1061 

2235 

3296 

100 

52-2 

llB 

27 

If 

58-6 

152 

1758 

8450 

5208 

1053 

2298 

3851 

9-4 

51-0 

12a 

80 

0 

601 

126 

1928 

3938 

5861 

1223 

2781 

4004 

70 

490 

12b 

28 

2 

59*4 

130 

1824 

3888 

5212 

1119 

2236 

3355 

7-7 

53-9 

18a 

80 

u 

60-8 

117 

1946 

8988 

5934 

1241 

2886 

4077 

6-4 

48-8 

18b 

29 

2 

60*8 

130 

1923 

3808 

5731 

1218 

2656 

8874 

7-3 

50-5 

14a 

81 

Of 

59  8 

129 

1995 

3850 

5845 

1290 

2698 

8988 

6-9 

51-8 

14b 

29 

11 

59-5 

144 

1897 

8725 

5622 

1192 

2573 

3765 

8-2 

50*9 

15a 

30 

Oi 

60-5 

146 

1961 

4011 

5972 

1256 

2859 

4115 

81 

48-9 

15b 

82 

u 

60-7 

133 

2095 

4134 

6229 

1890 

2982 

4372 

6-8 

50-7 

16a 

18 

S} 

59-5 

54 

874 

1642 

2516 

169 

490 

659 

6-6 

58-3 

16]? 

12 

1} 

69-3 

55 

791 

1466 

2257 

86 

814 

400 

7-5 

540 

17a 

25 

8 

60-8 

119 

1685 

3249 

4934 

980 

2097 

3077 

7-6 

51-9 

17b 

26 

Oi 

60-5 

95 

1673 

8358 

5031 

968 

2206 

3174 

60 

49*8 

18a 

12 

If 

59-3 

88 

818 

1579 

2897 

113 

427 

540 

11-2 

51-8 

18b 

13 

If 

59-5 

61 

862 

1761 

2623 

157 

609 

766 

7-7 

490 

19 

27 

2i 

59  6 

145 

1794 

3303 

5097 

1089 

2151 

3240 

8-8 

54-3 

20 

11 

li 

571 

48 

696 

1247 

1943 

-     9 

95 

86 

7-3 

55*8 

21 

20 

3i 

59-6 

71 

1312 

2216 

3528 

607 

1064 

1671 

5-7 

592 

22 

20 

Oi 

59*8 

58 

1257 

2030 

3287 

552 

878 

1480 

4-8 

61-9 

of  Wheat  Year  after  Year  on  the  same  Loxid. 
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Appxhdix-Tablb  XL— Pboduob  of  the  80th  Sbabon,  1872-3.  Sxbd  (Rbd 
Bostook)  sown  Noybmbbb  8,  1872 ;  Gbop  cat  Auoubt  15-19,  and  carted 
Sbptbmbbb  2, 1878. 


Increase  per  Acre  bj 

(For  the  Mamires,  see  pp.  es  and  64.) 

Manure. 

Oflkl 

ToUl 

PLOfXS. 

DroeedOndn. 

Offal 
Grain. 

Total 
Grain. 

Straw 

and 

Chaff. 

Total 

Produce 

(Grain 

and 

Grain. 

Straw 

and 

Oiaff. 

Total 
Produce. 

Grain 
to  100 
Dreaaed. 

Grain 

QiunUtj. 

Weight 
per 

to  100 
Straw. 

Bushel. 

Straw). 

tmah. 

pcka. 

Ibe. 

lbs. 

lbs. 

lbs. 

lb*. 

lbs. 

IbB. 

lbs. 

0 

15 

2i 

57-6 

51 

950 

1183 

2133 

249 

281 

530 

5-7 

80-4 

1 

10 

2 

56-6 

42 

636 

966 

1602 

-  65 

61 

-     1 

7-0 

65-8 

2 

26 

3 

581 

67 

1622 

2463 

4085 

921 

1561 

2482 

4-3 

65-9 

8 

11 

2} 

57  0 

35 

701 

902 

1603 

•  • 

•  • 

•  f 

5-3 

77*7 

4 

12 

0* 

57-2 

56 

749 

998 

1747 

48 

96 

144 

81 

750 

5a 

12 

3} 

56-8 

40 

771 

1054 

1825 

70 

152 

222 

5-5 

731 

5b 

12 

2 

570 

42 

754 

1032 

1786 

53 

130 

183 

5-8 

730 

6a 

14 

8i 

57-5 

52 

905 

1513 

2418 

204 

611 

815 

61 

59*8 

6b 

16 

3| 

56-6 

58 

1015 

1527 

2542 

314 

625 

939 

6-1 

66-4 

7a 

21 

Oi 

570 

59 

1264 

1852 

3116 

563 

950 

1513 

4-9 

68*2 

7b 

22 

3 

57-3 

77 

1381 

2190 

3571 

680 

1288 

1968 

5-9 

630 

8a 

25 

3} 

57-5 

77 

1566 

2477 

4043 

865 

1575 

2440 

5-1 

63*2 

8b 

29 

Oi 

56*3 

83 

1720 

2850 

4570 

1019 

1948 

2967 

5-4 

60-8 

9a 

35 

3i 

571 

119 

2160 

3932 

6092 

1459 

3030 

4489 

5-8 

54*9 

9b 

21 

3i 

54-9 

104 

1303 

2358 

3661 

602 

1456 

2058 

8-7 

55-2 

10a 

19 

2i 

561 

74 

1173 

1635 

2808 

472 

733 

1205 

6-8 

71-7 

10b 

20 

2i 

56-5 

80 

1247 

1642 

2889 

546 

740 

1286 

6-8 

75-9 

Ha 

19 

Oi 

560 

83 

1153 

1583 

2736 

452 

681 

1133 

7-8 

72-8 

11b 

19 

If  :  551 

81 

1152 

1578 

2730 

451 

676 

1127 

7-5 

730 

12a 

22 

If 

56-9 

82 

1360 

1943 

3303 

659 

1041 

1700 

6-4 

70-0 

12b 

23 

U 

56-5 

80 

1401 

2037 

3438 

700 

1135 

1835 

61 

68-8 

13a 

22 

3}  '  57-4 

81 

1395 

2036 

3431 

694 

1134 

1828 

6-1 

68-5 

13b 

24 

0    .  57-3 

64 

1440 

2107 

3547 

739 

1205 

1944 

4-6 

68-3 

14a 

23 

31     57  0 

61 

1426 

2120 

3546 

725 

1218 

1943 

4-5 

67  3 

14b 

24 

1 

56-6 

78 

1452 

2172 

3624 

751 

1270 

2021 

5-7 

66-9 

15a 

32 

3i 

57-7 

71 

1963 

2992 

4955 

1262 

2090 

3352 

3-7 

65-6 

15b 

32 

U 

57-9 

73 

1941 

3165 

5106 

1240 

2263 

3503 

3*9 

61-3 

16a 

12 

2i 

57-4 

40 

759 

1130 

1889 

58 

228 

286 

5-5 

67-2 

16b 

13 

0 

570 

36 

778 

1174 

1952 

77 

272 

349 

4-9 

66-8 

17a 

10 

2} 

56-6 

38 

639 

1092 

1731 

-  62 

190 

128 

6-3 

58*6 

17b 

12 

3i     57-6 

51 

789 

1108 

1897 

88 

206 

294 

70  1  71-2 

18a 

19 

2       57-3 

61 

1177 

1805 

2982 

476 

903 

1379 

5-5 

65-2 

18b 

21 

0* 

57-6 

58 

1274 

2007 

8281 

573 

1105 

1678 

4-7 

63*5 

19 

20 

0 

56-7 

80 

1212 

1858 

3070 

511 

956 

1467 

7-7 

65-3 

20 

12 

2 

56-9 

47 

758 

1098 

1856 

57 

196 

253 

6-6 

690 

21 

14 

Oi 

56-9 

52 

853 

1258 

2111 

152 

356 

508 

6-4 

67-8 

22 

18 

OJ 

56-9 

54 

1084 

16G3 

2747 

383 

761 

1144 

5-3 

65-2 

76 


jExperiments  at  Rotkamsted  an  the  Growth 


Apphndix-Tablb  XII. — ^Pboduob  of  the  Slat  Ssason,  1878-4.  Sxkd  (Bid 
Bostook)  sown  Ootobeb  29  and  80»  1878 ;  Gbop  cut  August  8-11,  and 
carted  August  15  and  17, 1874. 


Produce  per  Acre,  Aa 

Increase  per  Acre  by 

(For  the  lianoiee,  see  pp.  63  and  64.) 

Manure. 

Oftal 

_  _ 

Total 

Plots. 

Dreoaed  Grain. 

Ofial 
Grain. 

Total 
Grain. 

Straw 

and 

Chaff. 

Total 

Prodaoe 

CGnOn 

and 

Grain. 

Straw 

and 

Chaff. 

Total 
Produce. 

Grain 

to  100 

Dressed. 

Grain 

Qoanttty. 

Weight 
per 

to  100 

Straw, 

Buahel. 

Straw). 

bush. 

pcks. 

Iba. 

Ibt. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

0 

16 

3i 

59*1 

18 

1014 

1328 

2342 

320 

838 

658 

1-8 

76-4 

1 

11 

1* 

59-6 

14 

690 

972 

1662 

-     4 

-  18 

-  22 

2-0 

71  0 

2 

89 

1 

60-2 

70 

2431 

4439 

6870 

1737 

3449 

6186 

30 

54-8 

3 

11 

If 

58-3 

27 

694 

990 

1684 

•  • 

• . 

•  • 

40 

701 

4 

12 

1 

58*8 

13 

734 

999 

1738 

40 

9 

49 

1-8 

73-5 

5a 

12 

2* 

591 

23 

768 

845 

1618 

74 

-145 

-  71 

31 

90-8 

5b 

13 

H 

591 

24 

820 

914 

1734 

126 

-  76 

50 

3-0 

89-7 

6a 

25 

2i 

59-7 

17 

1650 

2212 

3762 

856 

1222 

2078 

11 

701 

6b 

25 

3i 

59-5 

21 

1562 

2230 

3792 

868 

1240 

2108 

1-4 

70-0 

7a 

39 

U 

59-9 

78 

2436 

4508 

6944 

1742 

3518 

5260 

3-3 

540 

7b 

39 

2i 

69-7 

96 

2461 

4782 

7243 

1767 

3792 

5559 

41 

51-5 

8a 

41 

Si 

601 

121 

2687 

6182 

8819 

1943 

5192 

7135 

4-8 

42-7 

8b 

39 

Oi 

59-6 

138 

2471 

5944 

8415 

1777 

4954 

6731 

5-9 

41-6 

9a 

38 

Of 

60-4 

105 

2409 

5012 

7421 

1715 

4022 

5737 

4-6 

481 

9b 

21 

2 

57-5 

31 

1269 

2166 

3435 

575 

1176 

1751 

2-5 

58*6 

10a 

25 

1 

56-$ 

48 

1476 

1977 

3458 

782 

987 

1769 

3-4 

74-7 

10b 

27 

Of 

56-9 

136 

1686 

2387 

4073 

992 

1397 

2389 

8-8 

70-6 

llA 

36 

2 

57-9 

95 

2208 

3166 

5374 

1514 

2176 

3690 

4-5 

69-7 

llB 

29 

1 

58-8 

156 

1859 

3077 

4936 

1165 

2087 

3252 

9*2 

60*4 

12a 

40 

3f 

59*4 

65 

2497 

4011 

6508 

1803 

3021 

4824 

2-7 

62-3 

12b 

38 

0 

59-7 

88 

2359 

3774 

6133 

1665 

2784 

4449 

3-9 

62-5 

13a 

36 

3 

60-6 

75 

2303 

3952 

6255 

1609 

2962 

4571 

3-4 

S8-3 

13b 

37 

If 

60-4 

42 

2301 

4002 

6303 

1607 

3012 

4619 

1-9 

57-5 

14a 

37 

H 

59-9 

82 

2294 

3570 

5864 

1600 

2580 

4180 

1-4 

64-2 

14b 

35 

li 

59-2 

93 

2187 

3618 

5805 

1493 

2628 

4121 

4-4 

60-4 

15a 

27 

3 

61-3 

22 

1724 

2609 

4333 

1030 

1619 

2649 

1-3 

66-1 

15b 

30 

2i 

60-9 

36 

1901 

2943 

4844 

1207 

1953 

3160 

1-9 

64-6 

16a 

9 

Oi 

60-2 

20 

564 

918 

1477 

-130 

-  77 

-207 

3-7 

61*8 

16b 

14 

2i 

600 

39 

915 

1392 

2307 

221 

402 

623 

4-4 

65-7 

17a 

32 

3i 

60-6 

40 

2027 

3501 

5528 

1333 

2511 

3844 

20 

57-9 

17b 

33 

2i 

60-9 

46 

2094 

3473 

5567 

1400 

2483 

3883 

2-2 

60-3 

18a 

13 

3 

58-8 

24 

832 

1047 

1879 

138 

57 

195 

30 

79-5 

18b 

14 

0* 

58-8 

39 

871 

1012 

1883 

177 

22 

199 

4-7 

861 

19 

37 

3i 

58-9 

68 

2298 

3136 

5429 

1599 

2146 

3745 

3-1 

73- 1 

SO 

13 

3 

59-2 

32 

845 

1312 

2157 

151 

322 

473 

3-9 

64-4 

21 

22 

3i 

59-5 

30 

1391 

1666 

3057 

697 

676 

1373 

2-2 

83-5 

22 

21 

li 

59-3 

21 

1289 

1547 

2836 

595 

657 

1152 

1 

1-6 

83-3 

of  Wheat  Year  after  Year  on  the  same  Land, 
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AppKHinx-TABU  XIIL — ^Pboduob  of  tlie  82nd  Season,  1874^.  Sbbd  (Rbd 
Eobtook)  sown  Ootobbb  26  and  27,  1874;  Crop  ont  August  16-21,  and 
carted  August  24  and  25, 1875. 


a 

ProdQoe  per  Aon,  kc, 
'or  the  ManoTM,  see  pp.  63  and  64.) 

Increafa  per  Acre  by 
Manue, 

OflU 

Grain 

to  100 

Dreesed. 

Fbon. 

DreiBed  Grain. 

Offal 
Gkain. 

Total 

Produce 

(Grain 

and 

Straw). 

Grain. 

Straw 

and 

Chaff. 

Total 
Prodaoe. 

Total 
Grain 

Qoantitj. 

Weight 

per 
BaaheL 

Total 
Grain. 

Straw 

and 

Chaff. 

to  100 
Straw. 

0 

bash. 
10 

pcks. 

lbs. 
59-4 

Iba. 
51 

lbs. 
663 

Iba. 
1150 

lbs. 
1813 

Ibe. 
96 

Ibe. 
142 

Ibe. 
238 

8-3 

57-6 

1 

8 

oi 

58*5 

41 

511 

868 

1379 

-  56 

-140 

-196 

8-7 

58-9 

% 

28 

3i 

60-6 

147 

1890 

8719 

5609 

1323 

2711 

4034 

8*4 

50-8 

S 

8 

2i 

600 

50 

567 

1008 

1575 

•  • 

•  • 

. « 

9*7 

56*2 

4 

7 

2* 

59-7 

51 

508 

910 

1418 

-  69 

-  98 

-157 

11-3 

55*8 

5a 

8 

1 

59-2 

37 

526 

1051 

1577 

-  41 

43 

2 

7*6 

50*  1 

5b 

10 

0} 

59-5 

46 

653 

1198 

1851 

86 

190 

276 

7*6 

54'5 

6a 

15 

3i 

60-7 

86 

1046 

1899 

2945 

479 

891 

1370 

8*9 

551 

6b 

16 

3i 

59-8 

80 

1084 

2117 

3201 

517 

1109 

1626 

80 

51*2 

7a     25 

Oi 

59*9 

147 

1652 

3334 

4986 

1085 

2326 

3411 

9*7 

49*6 

7b 

26 

2* 

590 

154 

1723 

3509 

5232 

1156 

2501 

3657 

9*8 

49*  1 

8a 

31 

Oi 

58-2 

194 

2006 

4400 

6406 

1439 

3392 

4831 

10*7 

45*6 

8b 

28 

2} 

58-1 

202 

1867 

4245 

6112 

1300 

3237 

4537 

12*  1 

44*0 

9a 

30 

2 

57-9 

198 

1965 

4747 

6712 

1398 

3739 

6137 

11*2 

41-4 

9b 

16 

2 

55-7 

130 

1050 

2363 

3413 

483 

1365 

1838 

14*1 

44*4 

10a 

12 

3 

54-5 

91 

786 

1574 

2360 

219 

566 

785 

13*2 

500 

10b 

14 

2i 

55-6 

126 

934 

1782 

2716 

367 

774 

1141 

15*5 

52*4 

llA 

19 

8i 

55-5 

111 

1217 

2392 

3609 

650 

1384 

2034 

10*1 

50-9 

llB 

15 

3i 

54-6 

157 

1026 

2217 

3243 

459 

1209 

1668 

180 

46*3 

12a 

24 

3| 

581 

135 

1585 

2972 

4557 

1018 

1964 

2982 

9*3 

58*3 

12b 

25 

2i 

57-2 

112 

1674 

3104 

4678 

1007 

2096 

3103 

7*7 

50-7 

13a 

26 

Of 

60-4 

92 

1673 

3299 

4972 

1106 

2291 

3397 

5*8 

50*7 

13b 

27 

Si 

60*0 

93 

1766 

3231 

4997 

1199 

2223 

3422 

5*6 

54*7 

14a 

27 

2i 

590 

120 

1747 

3060 

4807 

1180 

2052 

3232 

7*4 

57*1 

14b 

25 

0 

58*0 

127 

1576 

3183 

4759 

1009 

2175 

3184 

8*8 

49*5 

15a 

23 

2i 

59-9 

181 

1594 

2916 

4510 

1027 

1908 

2935 

12*8 

54*7 

15b 

27 

2 

60-6 

163 

1829 

3491 

5320 

1262 

2483 

3745 

9*8 

52*4 

16a 

10 

2 

59-8 

49 

676 

1222 

1898 

109 

214 

323 

7-9 

55*3 

16b 

9 

3 

59*5 

35 

613 

1147 

1760 

46 

139 

185 

6*0 

53*4 

17a 

11 

Oi 

58-9 

41 

691 

1247 

1938 

124 

239 

363 

6*3 

55*4 

17b 

12 

1 

59*6 

48 

777 

1450 

2227 

210 

442 

652 

6*6 

53*6 

18a 

25 

1 

59*2 

74 

1569 

2916 

4485 

1002 

1908 

2910 

4*9 

53*8 

18b 

25 

3J 

58*9 

76 

1598 

3096 

4694 

1031 

2088 

3119 

50 

51*6 

19 

22 

8J 

56-5 

98 

1392 

2494 

3886 

825 

1486 

2311 

7-6 

55-8 

20 

8 

Oi 

57-0 

38 

501 

1028 

1529 

-  66 

20 

-  46 

8*2 

48*7 

21 

12 

3f 

59*9 

66 

842 

1376 

2218 

275 

368 

643 

8*5 

61*2 

22 

IS 

3 

60-2 

67 

893 

1491 

2384 

326 

483 

809 

81 

59-9 

78 


Experiments  at  Rothamsted  on  the  Growth 


Appehdix-Tablb  XIY. — ^Pboduox  of  the  88rd  Sxabon,  1875-6.  Skbd  (Bid 
Bobtook)  sown  Noybkbbb  1  and  2, 1875 ;  Gbop  cut  August  8-19,  and 
carted  August  14-28, 1876. 


Produce  per  Acre,  fte 

• 

Increaae  per  Acre  b7 

(For  the  Manures,  see  pp.  63  and  64.) 

Manure. 

Offal 

_  - 

Total 

Pum. 

DreMed  Grain. 

Offal 
Grain. 

Total 
Grain. 

Straw 

and 

Chaff. 

Total 

Prodnoe 

(Grain 

and 

Grain. 

Straw 

and 

Chaff. 

Total 
Prodnoe. 

Grain 

to  100 

Dreased. 

Grain 

Qoantttj. 

Welgjit 
per 

to  ll>0 
Straw. 

Boahel. 

Straw). 

buBb. 

pclu. 

lbs. 

llM. 

Ibe. 

IbB. 

Ibfl. 

lbs. 

lbs. 

Ibfl. 

0 

11 

3J 

57-3 

53 

733 

830 

1563 

233 

188 

421 

7-8 

88*3 

1 

7 

2 

56-8 

18 

440 

571 

1011 

-  60 

-  71 

-131 

31 

77*0 

2 

23 

3J 

62-4 

58 

1545 

2140 

3685 

1045 

1498 

2543 

3-9 

72-2 

3 

8 

OJ 

59-0 

21 

500 

642 

1142 

•  • 

•  • 

.. 

4-6 

77-9 

4 

9 

0 

58-5 

18 

546 

706 

1252 

46 

64 

110 

3-6 

77-4 

5a 

9 

3f 

59-2 

20 

610 

792 

1402 

110 

150 

260 

3-4 

77  0 

5b 

11 

0* 

59' 1 

25 

679 

777 

1456 

179 

135 

314 

3-9 

87-4 

6a 

14 

3J 

61-9 

41 

962 

1201 

2163 

462 

559 

1021 

4-4 

801 

6b 

16 

2 

62*2 

56 

1081 

1393 

2474 

581 

751 

1332 

5-4 

77-6 

7a 

21 

If 

63-2 

90 

1444 

2015 

3459 

944 

1373 

2317 

6-6 

71-6 

7b 

25 

2 

62-7 

118 

1719 

2408 

4127 

1219 

1766 

2985 

7-4 

71-4 

8a 

30 

21 

63-1 

121 

2054 

3083 

5137 

1554 

2441 

3995 

6-2 

66-6 

8b 

28 

2 

62-7 

111 

1895 

2788 

4683 

1395 

2146 

3541 

6-2 

68-0 

9a 

33 

U 

62-7 

168 

2255 

3584 

5839 

1755 

2942 

4697 

80 

62-9 

9b 

13 

0 

56-3 

82 

766 

1217 

1983 

266 

575 

841 

4*3 

62-9 

10a 

12 

0* 

57-2 

25 

719 

922 

1641 

219 

280 

499 

3*6 

780 

10b 

14 

If 

56-4 

32 

848 

1270 

2118 

848 

628 

976 

3-8 

66-7 

llA 

15 

1 

59-6 

54 

963 

1313 

2276 

463 

671 

1134 

60 

73-4 

llB 

13 

If 

58-4 

49 

832 

1228 

2060 

332 

586 

918 

6-3 

67-8 

12a 

19 

2i 

61  0 

64 

1260 

1711 

2971 

760 

1069 

1829 

5-4 

73-7 

12b 

18 

3 

60-4 

74 

1206 

1661 

2867 

706 

1019 

1725 

6-5 

72-6 

13a 

24 

2 

621 

54 

1575 

2431 

4006 

1075 

1789 

2864 

3-6 

64-8 

13b 

25 

3i 

62-4 

58 

1669 

2435 

4104 

1169 

1793 

2962 

3-6 

68*6 

14a 

22 

3i 

61-4 

49 

1454 

2027 

3481 

954 

1385 

2339 

3-5 

71-7 

14b 

21 

1 

60-7 

48 

1338 

1863 

3201 

838 

1221 

2059 

3-7 

71-8 

15a 

24 

3 

62*3 

63 

1602 

2320 

3922^ 

1102 

1678 

2780 

41 

690 

15b 

26 

Oi 

61-7 

97 

1709 

2535 

4244 

1209 

1893 

3102 

60 

67-4 

16a 

10 

3i 

58-5 

18 

658 

841 

1499 

158 

199 

357 

2-9 

78-2 

16b 

11 

Oi 

58-4 

25 

669 

908 

1577 

169 

266 

435 

3-9 

73-7 

17a 

27 

0 

611 

59 

1709 

2605 

4314 

1209 

1963 

3172 

8-5 

656 

17b 

25 

3* 

60-6 

43 

1611 

2474 

4085 

1111 

1832 

2943 

2-7 

65  1 

18a 

10 

0* 

58-3 

19 

609 

898 

1507 

109 

256 

365 

3-3 

67-8 

18b 

10 

2i 

58-5 

18 

639 

893 

1532 

139 

251 

390 

2*9 

71-6 

19 

19 

1 

57-6 

37 

1147 

1566 

2713 

647 

924 

1571 

3-3 

73-8 

20 

7 

1* 

57-3 

19 

442 

665 

1107 

-  58 

23 

-  35 

4*5 

66-4 

21 

10 

3 

57-4 

64 

681 

935 

1616 

181 

293 

474 

10-3 

73- 1 

22 

13 

01 

570 

67 

817 

1214 

2031 

317 

572 

889 

8-9 

1 

67-3 

of  Wheat  Year  after  Year  an  tfie  same  Land. 
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Afpsnbix-Tabli  XY. — ^Pboduob  of  the  34th  Season,  1876-7.  Sbbd  (Bbd 
BoeTOGK)  sown  Ootobbb  23,  1876  ;  Gbop  out  August  18-24,  and  oarted 
August  30, 1877. 


ProduM  per  Acre,  &c. 
(For  tbe  Mannret,  see  pp.  63  and  64.) 

Increase  per  Acre  by 
Manure. 

Pum. 

Dreoed  Grain. 

Offal 
Grain. 

Total 
Grain. 

Straw 

and 

Cbatt. 

Total 

Produoa 

(Grain 

and 

Straw). 

Grain. 

Straw 

and 

Chaff. 

Total 
Produce. 

Offal 

Grain 

to  100 

Dreesed. 

Total 
Grain 

Qoantity. 

Weight 

per 
Buahel. 

to  100 
Straw. 

0 

baah.pckfi. 
11     3f 

Ibe. 
59  0 

lbs. 
23 

Ib8. 
728 

lbs. 
908 

IbB. 
1636 

lbs. 
185 

lbs. 
160 

lbs. 
345 

3-2 

80-2 

1 

7 

OJ 

59-3 

16 

434 

521 

955 

-109 

-227 

-336 

3-8 

83-3 

2 

24 

Oi 

591 

54 

1481 

2266 

3747 

938 

1518 

2456 

3-8 

65-4 

3 

8 

8i 

58-9 

19 

543 

748 

1291 

• . 

•  • 

a  • 

3-7 

72-6 

4 

9 

3i 

57-3 

23 

584 

807 

1391 

41 

59 

100 

4-2 

72-4 

5a 

11 

Of 

57-4 

27 

668 

872 

1540 

125 

124 

249 

4-2 

76-6 

5b 

12 

0* 

56-8 

21 

708 

892 

1600 

165 

144 

309 

30 

79-4 

6a 

14 

2} 

59-6 

28 

904 

1172 

2076 

361 

424 

785 

3-2 

771 

6b 

14 

1* 

56-7 

33 

847 

1179 

2026 

304 

431 

735 

41 

71-9 

7a 

20 

2i 

591 

40 

1259 

1983 

3242 

716 

1235 

1951 

3-3 

63-5 

7b 

19 

Oi 

59*8 

34 

1167 

1687 

2854 

624 

939 

1563 

30 

69*2 

8a 

27 

Of 

59-4 

49 

1665 

2477 

4142 

1122 

1729 

2851 

31 

67-2 

8b 

22 

1 

590 

42 

1354 

2010 

3364 

811 

1262 

2073 

3-2 

67-4 

9a 

40 

OJ 

57-9 

60 

2383 

3852 

6235 

1840 

3104 

4944 

2-6 

61*9 

9b 

27 

2i 

58-0 

48 

1654 

2540 

4194 

nil 

1792 

2903 

30 

651 

10a 

17 

01 

57-5 

43 

1031 

1322 

2353 

488 

674 

1062 

4-4 

78-0 

10b 

18 

1 

58-4 

37 

1105 

1492 

2597 

562 

744 

1306 

3-5 

741 

llA 

18 

3f 

600 

45 

1182 

1453 

2635 

639 

705 

1344 

40 

81-4 

11b 

16 

3i 

59-8 

41 

1046 

1353 

2399 

503 

605 

1108 

41 

77-3 

12a 

19 

3i 

60-2 

58 

1249 

1640 

2889 

706 

892 

1598 

4-9 

76-2 

12b 

15 

8 

59-9 

51 

994 

1331 

2325 

451 

583 

1034 

5-4 

75-4 

13a 

18 

2 

601 

54 

1165 

1581 

2746 

622 

833 

1455 

4-9 

73-7 

13b 

18 

0 

60-1 

29 

1108 

1556 

2664 

565 

808 

1373 

2-7 

71-2 

14a 

19 

Oi 

59-5 

35 

1170 

1633 

2803 

627 

885 

1512 

31 

71-6 

14b 

18 

0 

57-2 

84 

1063 

1503 

2566 

520 

755 

1275 

3-4 

70-8 

15a 

32 

3} 

58*9 

44 

1978 

2817 

4795 

1435 

2069 

3504 

2-3 

700 

15b 

83 

1} 

59*6 

44 

2036 

2759 

4795 

1493 

2011 

3504 

2-2 

73-8 

16a 

10 

1 

57-2 

24 

610 

736 

1346 

67 

-  12 

55 

4-1 

82-8 

16b 

9 

IJ 

58-9 

15 

567 

767 

1334 

24 

19 

43 

2-6 

73-9 

17a 

10 

Oi 

59-1 

69 

662 

823 

1485 

119 

75 

194 

11-7 

80-4 

17b 

9 

8i 

58-6 

15 

591 

728 

1319 

48 

-  20 

28 

2-6 

81-2 

18a 

11 

2i 

58-0 

17 

696 

1038 

1734 

153 

290 

443 

2-5 

671 

ISb 

13 

2 

58-8 

21 

816 

1090 

1906 

273 

312 

615 

1 

2-7 

74-9 

19 

19 

H 

58-0 

28 

1156 

1452 

2608 

613 

704 

1317 

2-5 

79-6 

20 

11 

n 

581 

33 

694 

994 

1688 

151 

246 

397 

50 

69-8 

21 

11 

2| 

58-5 

30 

710 

1049 

1759 

167 

301 

468 

4-5 

67-7 

22 

21 

Oi 

550 

38 

1197 

1725 

2922 

654 

977 

1631 

3-2 

69*4 

80 


JExperiwents  at  Rothamsted  on  the  Growth 


AppENDix-TABXiB  2VL — ^PBODtJOX  of  the  85th  Season,  1877-8.  Sbed  (Bbd 
Bostook)  sown  Noyembbb  2  and  8,  1877;  Gbop  out  Augubt  1-10,  and 
carted  August  19,  1878. 


Produce  per  Acre,  Ira 
(For  the  MAnures*  see  pp.  63  and  64.) 

Increase  per  Acre  bj 
Manure. 

OflU 

Grain 

to  100 

Dreeaed. 

Plots. 

Dreesed  Grain. 

Offal 
Grain. 

Total 
Grain. 

Straw 

and 

Chaff. 

Total 
Produce 

(Gnln 

and 
Straw). 

Grain. 

Straw 

and 

Chaff. 

Total 
Produce. 

Total 
Grain 

QuAntity. 

Weight 

per 
BuBhel. 

to  100 
Straw. 

0 

bush. 
15 

pclCB. 

2 

lbs. 
590 

lbs. 
44 

lbs. 
959 

Ibe. 
1420 

lbs. 
2379 

Ibe. 
183 

lbs. 
339 

lbs. 
522 

4-8 

67-5 

1 

10 

li 

59- 1 

41 

654 

1064 

1718 

-122 

-17 

-139 

6-6 

61-4 

2 

28 

1 

60-9 

170 

1890 

4042 

5932 

1114 

2961 

4075 

9-9 

46-7 

3 

12 

li 

590 

50 

776 

1081 

1857 

•  • 

• . 

•  * 

6-9 

71-8 

4 

12 

If 

59*9 

30 

776 

992. 

1768 

none 

-89 

-89 

40 

78-3 

5a 

14 

3 

58-3 

41 

899 

1324 

2223 

123 

243 

866 

4-8 

67-9 

5b 

14 

2i 

59-3 

36 

901 

1320 

2221 

125 

239 

364 

4-2 

68-3 

6a 

22 

1 

61  1 

64 

1424 

2813 

4237 

648 

1732 

2380 

4-7 

50-6 

6b 

23 

Of 

60-5 

64 

1468 

3074 

4542 

692 

1993 

2685 

4-6 

47-8 

7a 

30 

li 

60-6 

159 

1998 

4804 

6802 

1222 

8723 

4945 

8-7 

41-6 

7b 

32 

Of 

60-6 

180 

2132 

5100 

7232 

1356 

4019 

5375 

9-2 

43-8 

8a 

37 

3i 

60-4 

165 

2452 

6227 

8679 

1676 

5146 

6822 

7-2 

39-4 

8b 

38 

U 

60-2 

175 

2485 

6119 

8604 

1709 

5038 

6747 

7-6 

40*6 

9a 

37 

Of 

59-2 

131 

2383 

5624 

7957 

1657 

4543 

6100 

5-9 

41*5 

9b 

23 

U 

56-9 

78 

1408 

2897 

4305 

632 

1816 

2448 

5-9 

48*6 

10a 

27 

i| 

59-5 

78 

1708 

2762 

4470 

932 

1681 

2613 

4-8 

61-9 

10b 

29 

H 

69-6 

75 

1853 

2981. 

4834 

1077 

1900 

2977 

4*2 

621 

llA 

29 

2J 

59-9 

124 

1894 

4258 

6152 

1118 

3177 

4295 

7-0 

44-5 

llB 

29 

2i 

60-0 

126 

1903 

4326 

6229 

1127 

3245 

4372 

71 

440 

12a 

28 

3 

60-5 

168 

1906 

4479 

6385 

1130 

3398 

4528 

9-7 

42-6 

12b 

29 

2} 

60-8 

165 

1966 

4824 

6790 

1190 

3743 

4933 

91 

40-7 

13a 

29 

0 

61-1 

115 

1888 

4708 

6596 

1112 

3627 

4739 

6-5 

401 

13b 

29 

3i 

60-6 

103 

1917 

4664 

6581 

1141 

8583 

4724 

5-7 

411 

14a 

32 

2 

60*8 

107 

2085 

5014 

7099 

1309 

3933 

5242 

5-4 

41*6 

14b 

31 

2i 

60-3 

86 

1994 

4794 

6788 

1218 

3713 

4931 

4-5 

41-6 

15a 

20 

3f 

59-6 

85 

1334 

2931 

4265 

558 

1850 

2408 

6-8 

45-5 

15b 

23 

Of 

60*1 

102 

1495 

3211 

4706 

719 

2130 

2849 

7-3 

46-5 

16a 

13 

3} 

59-3 

35 

862 

1351 

2213 

86 

270 

356 

4-2 

63-8 

16b 

13 

Of 

60-3 

43 

837 

1312 

2149 

61 

231 

292 

5-5 

63*8 

17a 

29 

U 

610 

122 

1914 

4528 

6442 

1138 

3447 

4585 

6-8 

42-3 

17b 

28 

2^ 

60-8 

94 

1834 

4735 

6569 

1058 

3654 

4712 

5-4 

38-7 

18a 

15 

OJ 

59-8 

54 

955 

1514 

2469 

179 

433 

612 

6-0 

63  1 

18b 

15 

li 

60-2 

50 

976 

1596 

2572 

200 

515 

715 

5-4 

61-2 

19 

27 

li 

600 

77 

1723 

3148 

4871 

947 

2067 

3014 

4-7 

54-7 

20 

14 

1 

57-7 

41 

863 

1212 

2075. 

87 

131 

218 

50 

71*2 

21 

19 

U 

59-3 

60 

1208 

1821 

3029 

432 

740 

1172 

5-2 

66-3 

22 

18 

2J 

59  0 

62 

1163 

1880 

3043 

387 

799 

1186 

5-6 

61-9 

of  Wheal  Year  after  Year  (m  the  eame  Land. 


81 


ApFKirDiz-TABLX  XYIL— Pboduos  of  the  86th  Sbason,  1878-9 
Bostook)  sown  Ootobxb  30  and  81,  1878;  Chop  cat 
and  carted  Ssptembsb  22,  1879. 


Sibi>(Bed 
4-17, 


Prodooe  per  Acre,  kc 

• 

Znerease  per  Aore  bj 

(F 

'or  the  Manures,  see  pp.  $3  and  64.) 

Maoars. 

OfiU 

Total 

Puyn. 

DresMd  Grain. 

Offal 
Qndn. 

Total 
Grain. 

Straw 

and 

Chaff. 

Total 

Produce 

(Grain 

and 

Gnln. 

Straw 

and 

Chaff. 

ToUl 
Prodooe. 

Grain 

to  100 

Dressed. 

Grain 

Qoantity. 

Weight 
per 

to  100 
Straw. 

Bushd. 

Straw). 

ba0h. 

pcks. 

lbs. 

IbB. 

Ibe. 

lbs. 

Ibe. 

lbs. 

Ibe. 

lbs. 

0 

4 

2i 

540 

65 

318 

691 

1009 

-  12 

-  72 

-  84 

25-7 

460 

1 

2 

2i 

540 

44 

182 

428 

610 

-148 

-335 

-483 

31-9 

42-5 

2 

16 

0 

56*8 

153 

1064 

2239 

3303 

734 

1476 

2210 

16-8 

47-5 

3 

4 

21 

52-5 

84 

330 

763 

1093 

•  » 

•  « 

*  • 

340 

43*3 

4 

4 

1* 

51-1 

92 

317 

748 

1065 

-  13 

-  15 

-  28 

41-2 

42-4 

5a 

5 

3 

53-9 

75 

385 

841 

1226 

55 

78 

133 

24-2 

45*8 

5b 

5 

2| 

530 

87 

382 

868 

1250 

52 

105 

157 

29-3 

44-0 

6jl 

9 

if 

56-2 

96 

619 

1400 

2019 

289 

637 

926 

18-4 

44-2 

6b 

11 

21 

56-7 

100 

762 

1784 

2546 

432 

1021 

1453  1 

151 

42-7 

7a 

15 

1 

56-5 

108 

969 

2890 

3859 

639 

2127 

2766 

12-6 

33-5 

7b 

17 

1 

56-8 

153 

1133 

3133 

4266 

803 

2370 

3173  , 

15-6 

36-2 

8a 

20 

o» 

56-7 

177 

1318 

4069 

5387 

988 

3306 

4294 

15-5 

32-4 

8b 

21 

0 

56*2 

206 

1384 

4283 

5667 

1054 

3520 

4574 

17-5 

32-3 

9a 

21 

8i 

56-5 

222 

1462 

4347 

5809 

1132 

3584 

4716 

17-9 

33*6 

9b 

4 

2J 

49-8 

119 

345 

1070 

1415 

15 

307 

322 

52-5 

32*8 

10a 

3 

3| 

48-9 

80 

272 

889 

1161 

-  58 

126 

68 

41-4 

30*5 

IQb 

4 

2i 

52-6 

125 

370 

1006 

1376 

40 

243 

283 

511 

36-7 

.  llA 

11 

of 

55-5 

168 

788 

2086 

2874 

458 

1323 

1781  1 

271 

37-8 

llB 

11 

0| 

53-6 

81 

676 

1955 

2631 

346 

1192 

1538    : 

13-6 

34-5 

12a 

13 

3i 

56-4 

132 

913 

2555 

3468 

583 

1792 

2375 

16-9 

35-7 

12b 

14 

1 

55-3 

164 

952 

2384 

3336 

622 

1621 

2243 

20-8 

39-9 

13a 

14 

Oi 

57-5 

148 

964 

2776 

3740 

634 

2013 

2647 

18- 1 

34-7 

13b 

17 

8i 

580 

151 

1188 

3327 

4515 

858 

2564 

3422 

14*6 

35-7 

14a 

16 

3 

57-7 

140 

1105 

3072 

4177 

775 

2309 

3084 

14-5 

360 

14b 

15 

21 

56-6 

200 

1089 

2734 

3823 

759 

1971 

2730  I 

1 

22-5 

39-8 

15a 

5 

3i 

581 

93 

406 

1019 

1425 

76 

256 

332  - 

29-8 

39-8 

15b 

4 

3f 

52-5 

73 

333 

792 

1125 

3 

29 

32  ; 

28-2 

421 

16a. 

5 

li 

52-8 

80 

359 

808 

1167 

29 

45 

74  i 

28-7 

44-5 

16b 

4 

u 

52-9 

92 

321 

819 

1140 

-9 

56 

47 

40-3 

39-2 

17a 

2 

2| 

52-5 

52 

189 

589 

778 

-141 

-174 

-315 

381 

320 

17b 

3 

2} 

49-5 

75 

255 

659 

914 

-  75 

-104 

-179 

41-8 

38-6 

18a 

19 

3i 

58-7 

121 

1284 

3283 

4567 

954 

2520 

3474 

10-4 

391 

18b 

20 

3* 

57-9 

123 

1330 

3406 

4736 

1000 

2643 

3643  i 

1 

10-2 

39  1 

19 

8 

Of 

53-6 

135 

573 

1335 

1908 

248 

672 

815 

1 

30-7 

42*9 

20 

4 

1 

53-0 

71 

296 

745 

1041 

-  34 

-  18 

-  52 

31-6 

39-7 

21 

8 

u 

540 

90 

541 

1138 

1679 

211 

375 

586 

19-9 

47*6 

22 

11 

3i 

55-5 

106 

761 

1798 

2559 

431 

1035 

1466 

16-2 

42-3 

82 


ExperimenU  at  BotkamUed  an  the  Growth 


Appendh-Tablb  XVIII.— Produob  of  the  87th  Shabon,  1879-80.  Seed 
(Bed  Eoatook)  sown  Octobbe  27  and  28, 1879 ;  Ceop  out  Auauar  14r-20, 
and  carted  August  25,  1880. 


Prodace  per  Acre,  9k. 

Increase  per  Acre  by 

(For  the  Manures,  see  pp.  63  and  64.) 

Manure. 

OBal 
Grain 
to  100 

Plots. 

Draased  Grain. 

OIEU 
Grain. 

Total 
Grain. 

Straw 

Total 
Produce 

Straw 

fn _A  _,! 

Total 
Grain 

1 

tol^ 

Quantity. 

Wei^t 
per 

and 
Chair. 

(Grain 
and 

Grain. 

and 
Chatr. 

Total 
Produce. 

Dreesed. 

Straw. 

Bushel. 

Straw). 

boah. 

PS" 

Iba, 

Ibe. 

Ibfl. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

0 

16 

01 

58-6 

41 

990 

1315 

2305 

301 

166 

467 

4-3 

75-8 

1 

11 

0 

57-6 

21 

655 

1151 

1806 

-  34 

2 

-  32 

3-3 

56-9 

2 

88 

U 

60*2 

66 

2373 

3902 

6275 

1684 

2753 

4437 

2-8 

60-8 

8 

11 

2 

56-9 

34 

689 

1149 

1838 

■  • 

•  • 

•  • 

51 

59-9 

4 

12 

3 

57-4 

27 

760 

1263 

2023 

71 

114 

185 

3-6 

60-2 

5a 

18 

2J 

59-1 

33 

1128 

1747 

2875 

439 

598 

1037 

30 

64-6 

5b 

16 

3i 

59*2 

43 

1038 

1722 

2760 

349 

573 

922 

4-3 

60-3 

6a 

27 

3 

59-8 

59 

1718 

3172 

4890 

1029 

2023 

3052 

3-6 

54*2 

6b 

26 

Oi 

59*8 

51 

1610 

2649 

4259 

921 

1500 

2421 

3-3 

60-8 

7a 

34 

2* 

59-7 

82 

2149 

4051 

6200 

1460 

2902 

4362 

4  0 

530 

7b 

34 

U 

59-9 

94 

2149 

3960 

6109 

1460 

2811 

4271 

4-6 

54-3 

8a 

37 

2* 

59-6 

127 

2374 

5135 

7509 

1685 

3986 

5671 

5-6 

46-2 

8b 

32 

»i 

58-5 

106 

2031 

3817 

5848 

1342 

2668 

4010 

5-5 

53-2 

9a 

34 

Oi 

57-8 

165 

2130 

4394 

6524 

1441 

3245 

4686 

8-4 

48-4 

9b 

10 

If 

53-5 

95 

654 

1420 

2074 

-  35 

271 

236 

17-0 

461 

10a 

10 

2} 

54-9 

62 

645 

1242 

1887 

-  44 

93 

49 

10-6 

51-9 

10b 

13 

1| 

53-5 

60 

779 

1631 

2410 

90 

482 

572 

8-3 

47-7 

llA 

27 

Oi 

58-4 

94 

1673 

2868 

4541 

984 

1719 

2703 

60 

58-3 

llB 

24 

2 

57-3 

117 

1520 

2835 

4355 

831 

1686 

2517 

8-8 

53-6 

12a 

30 

3 

59-2 

101 

1921 

3589 

5510 

1232 

2440 

3672 

5-5 

53-5 

12b 

27 

3i 

58-7 

104 

1739 

2939 

4678 

1050 

1790 

2840 

6-4 

59-2 

13a 

33 

OJ 

59-9 

85 

2070 

3859 

5929 

1381 

2710 

4091 

4-3 

53-7 

13b 

32 

3i 

59-4 

78 

2029 

3649 

5678 

1340 

2500 

3840 

40 

55-6 

14a 

32 

1 

59-2 

98 

2007 

3638 

5645 

1318 

2489 

3807 

5-2 

55-2 

14b 

29 

21 

57-8 

96 

1811 

3009 

4820 

1122 

1860 

2982 

5-6 

60*2 

15a 

36 

3J 

60-8 

82 

2325 

4234 

6559 

1636 

3085 

4721 

8-6 

54-9 

15b 

35 

If 

60-7 

89 

2242 

3816 

6058 

1553 

2667 

4220 

41 

58*7 

16a 

14 

2J 

581 

33 

882 

1736 

2618 

193 

587 

780 

3-9 

50-8 

16b 

14 

Of 

58-5 

56 

885 

1263 

2148 

196 

114 

310 

6-8 

70-1 

17a 

32 

0 

60*7 

75 

2017 

3383 

5400  ' 

1328 

2234 

3562 

3-8 

59-6 

17b 

33 

2i 

59  5 

88 

2083 

3271 

5354 

1394 

2122 

3516 

4  5 

63-7 

18a 

14 

2* 

58- 1 

51 

903 

1340 

2243 

214 

191 

405 

60 

67*4 

18b 

15 

li 

57-7 

53 

935 

1351 

2286 

246 

202 

448 

60 

69-2 

19 

82 

2 

58-4 

157 

2057 

3254 

5311 

1368 

2105 

3473 

8-2 

63-2 

20-1 

20 

3i 

60-0 

65 

1314 

2120 

3434 

625 

971 

1596 

5-2 

620 

20-2 

12 

3 

56-6 

49 

771 

1096 

1867 

82 

-  53 

29 

6-8 

70-3 

21 

16 

2 

57-3 

46 

992 

1626 

2618 

303 

477 

780 

4-8 

61-0 

22 

26 

If 

67-3 

66 

1581 

2469 

4050 

892 

1320 

2212 

4-4 

640 

of  Wheat  Year  after  Year  on  the  same  Land,  "^     83 


Afpemdix-Tablb  XIX.— Peodvob  of  the  88th  Ssason,  1880-1.  Seed  (Bkd 
Bostook)  sown  Ootobsb  25,  1880;  Ceop  cat  August  8-11,  and  carted 
August  29,  and  Septembbb  1, 1881. 


Produce  per  Acre,  kc 

Increase  per  Acre  by 

(For  the  Manurai,  aee  pp.  63  and  64.) 

Manure. 

Offal 

1 

Total 

PLOX8. 

DroBBed  Grain.     | 

Offal 
Grain. 

Total 
Grain. 

Straw 

and 

Chaff. 

ToUl 

Produce 

(Grain 

and 

Grain. 

Straw 

and 

Chaff. 

Total 
Produce. 

Grain 

to  100 

Dreeaed. 

Grain 

Quantity. 

Weight 
per 

to  100 
Straw. 

BoAhel. 

Straw). 

bnsli. 

pka. 

Ib0. 

Ibfl. 

IhB. 

IhB. 

Ib8. 

IhB. 

lbs. 

lbs. 

0 

15 

2i 

64-2 

63 

909 

973 

1882 

46 

-173 

-127 

7-5 

93*4 

1 

12 

2f 

53-7 

45 

728 

794 

1522 

-135 

-352 

-487 

6-6 

91-6 

2 

80 

Of 

58-9 

130 

1907 

2867 

4274 

1044 

1221 

2265 

7-3 

80-6 

3 

13 

3 

580 

64 

863 

1146 

2009 

•  • 

•  • 

•  ■ 

8-1 

75-4 

4 

12 

2i 

571 

41 

758 

833 

1591 

-105 

-313 

-418 

5-8 

91  0 

5a 

12 

3 

58-0 

68 

806 

909 

1715 

-  57 

-287 

-294 

9-2 

88-6 

5b 

12 

2i 

57-8 

75 

805 

897 

1702 

-  58 

-249 

-807 

10-3 

89-7 

6a 

21 

u 

57-6 

105 

1333 

1595 

2928 

470 

449 

919 

8-6 

83-6 

6b 

22 

0 

57-9 

110 

1383 

1663 

8046 

520 

517 

1087 

8-6 

83-2 

7a 

27 

Oi 

58-4 

150 

1738 

2269 

4007 

875 

1123 

1998 

9-5 

76-6 

7b 

26 

Oi 

59-1 

145 

1690 

2137 

3827 

827 

991 

1818 

9-4 

79-1 

8a 

32 

2 

59-1 

166 

2086 

8169 

5255 

1228 

2028 

3246 

8-7 

65-9 

8b 

28 

3} 

59-1 

136 

1837 

2648 

4480 

974 

1497 

2471 

80 

69-5 

9a 

35 

1} 

58*4 

208 

2271 

3640 

5911 

1408 

2494 

8902 

9*8 

62-4 

9b 

22 

3 

58-5 

^5 

1424 

1817 

3241 

561 

671 

1232 

71 

78-4 

10a 

18 

Of 

58-4 

106 

1168 

1297 

2465 

305 

151 

456 

10-0 

90-0 

10b 

19 

3 

57-5 

125 

1259 

1899 

2658 

396 

253 

649 

110 

90-0 

llA 

21 

3f 

56-2 

145 

1378 

1642 

8020 

515 

496 

1011 

11-8 

83-9 

llB 

21 

0 

56-4 

170 

1352 

1552 

2904 

489 

406 

895 

14-4 

87-1 

12a 

25 

2} 

550 

118 

1525 

1884 

8409 

662 

738 

1400 

8-4 

81  0 

12b 

21 

8i 

55-5 

143 

1352 

1885 

8237 

489 

789 

1228 

11-8 

71-8 

13a 

28 

2i 

55-8 

140 

1737 

2819 

4056 

874 

1178 

2047 

8-8 

74-9 

13b 

27 

3J 

55-3 

157 

1694 

2220 

8914 

831 

1074 

1905 

10-2 

76-3 

14a 

28 

2i 

55-7 

143 

1737 

2276 

4013 

874 

1130 

2004 

8-9 

76-3 

14b 

26 

Of 

553 

182 

1580 

2108 

8683 

717 

957 

1674 

91 

751 

15a 

25 

2 

55-9 

109 

1585 

1917 

3452 

672 

771 

1443 

7-7 

801 

15b 

26 

Oi 

55-9 

100 

1500 

2025 

8525 

637 

879 

1516 

7-2 

741 

16a 

13 

U 

56-1 

64 

809 

911 

1720 

-  54 

-235 

-289 

8-6 

88-9 

16b 

18 

21 

551 

47 

799 

953 

1752 

-  64 

-193 

-257 

6*3 

83-8 

17a 

13 

3} 

55-4 

56 

826 

926 

1752 

-  37 

-220 

-257 

7-3 

89-1 

17b 

12 

2 

551 

70 

758 

878 

1686 

-105 

-268 

-378 

10-2 

86*4 

18a 

31 

If 

55-7 

151 

1904 

2533 

4437 

1041 

1387 

2428 

8-6 

751 

18b 

32 

2 

55-5 

87 

1892 

2577 

4469 

1029 

1431 

2460 

4-8 

73-4 

19 

24 

n 

56-4 

146 

1538 

1815 

8353 

675 

669 

1844 

10-5 

84-7 

20-1 

23 

2 

55-3 

112 

1410 

1770 

8180 

547 

624 

1171 

8-7 

79-7 

20-2 

15 

u 

56-4 

55 

921 

1006 

1927 

58 

-140 

-  82 

6-3 

91-6 

21 

11 

H 

54-6 

60 

709 

715 

1424 

-154 

-431 

-585 

9-3 

99-1 

22 

10 

3* 

53-6 

54 

688 

636 

1274 

-225 

-510 

-735 

9-3 

100-4 

84 


Experiments  at  jRothamsted  on  the  Gratoth 


ApFEKDix-TABtB  XX.— Pboduoi  of  the  39th  Season,  1881-2.  Skid 
(Squabb  Head)  sown  Ootobeb  81,  and  November  1  and  2, 1881 ;  Gbop 
cnt  AuausT  10-16,  and  carted  Auqvst  24, 1882. 


Frodace  per  Acre,  &c. 

Increase  per  Acre  by 

(For  the  Manures,  see  pp.  63  and  64. 

Manures. 

Offal 

Total 

Puyn. 

DresBed  Grmin. 

Offal 
Grain. 

Total 
Orain. 

Straw 

and 

Chair. 

Total 

Produce 

(Gratn 

and 

Grain. 

Straw 

and 

Chaff. 

Total 
Produce. 

Grain 

to  100 

Dressed. 

Grain 

Qnantity. 

Weight 
per 

to  100 
Straw. 

Bushel. 

Straw). 

bush. 

pks. 

lbs. 

Its. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs 

0 

13 

Of 

61-0 

44 

846 

1284 

2130 

167 

189 

356 

5-5 

65*9 

1 

9 

If 

601 

36 

605 

1109 

1714 

-74 

14 

-60 

6-2 

54-5 

2 

82 

2} 

59-6 

57 

2004 

3993 

5997 

1825 

2898 

4223 

2-9 

50-2 

8 

10 

3| 

58-7 

38 

679 

1095 

1774 

•  • 

•  • 

•  • 

5-9 

62*0 

4 

10 

3J 

57-8 

69 

698 

1017 

1715 

19 

-78 

-59 

10-9 

68-6 

5a 

12 

3f 

58*4 

37 

793 

1317 

2110 

114 

222 

336 

4-9 

60-2 

5b 

12 

0 

58-5 

56 

760 

1244 

2004 

81 

149 

230 

7-9 

611 

6a 

23 

u 

60-7 

48 

1466 

2897 

4868 

787 

1802 

2589 

3-4 

50-6 

6b 

22 

^ 

60-8 

77 

1468 

2940 

4408 

789 

1845 

2684 

5*6 

49-9 

7a 

36 

3i 

60-2 

89 

2304 

5819 

8123 

1625 

4724 

6349 

41 

39*6 

7b 

84 

3 

59-7 

121 

2198 

5641 

7839 

1519 

4546 

6065 

5-8 

390 

8a 

36 

Oj 

59-2 

162 

2303 

7413 

9716 

1624 

6318 

7942 

7-6 

311 

8b 

37 

3i 

590 

113 

2343 

6806 

9149 

1664 

5711 

7875 

5  1 

34-4 

9a 

31 

3} 

59-8 

108 

2012 

6274 

8286 

1883 

5179 

6512 

5'7 

82-1 

9b 

24 

1 

580 

111 

1520 

3617 

5137  1 

841 

'2522 

3863 

7-9 

420 

10a 

23 

2i 

60-7 

120 

1557 

2796 

4858 

878 

1701 

2579 

8-3 

55-7 

10b 

26 

0:: 

60-6 

92 

1672 

3012 

4684 

993 

1917 

2910 

5-8 

55  5 

llA 

30 

3: 

611 

132 

2015 

3921 

5986 

1336 

2826 

4162 

70 

51-4 

llB 

29 

3 

61-2 

126 

1951 

3805 

5756 

1272 

2710 

8982 

6-9 

51-3 

12a 

34 

I 

60-8 

183 

2221 

4938 

7159 

1542 

8843 

5385 

6-4 

450 

12b 

34 

8 

61-2 

81 

2222 

4636 

6858 

1543 

3541 

5084 

3-8 

47-9 

13a 

32 

2 

621 

82 

2105 

4918 

7028  I 

1426 

3823 

5249 

4-1 

42-8 

13b 

31 

3 

61-5 

96 

2048 

4865 

6913 

1369 

3770 

5189 

4-9 

421 

14a 

35 

8f 

60-1 

75 

2235 

4949 

7184 

1556 

3854 

5410 

3-5 

45-2 

14b 

33 

If 

60-5 

110 

2134 

4570 

6704 

1455 

3475 

4930 

5-4 

46-7 

15a 

29 

If 

61-4 

64 

1871 

4216 

6087 

1192 

8121 

4813 

3-6 

44-4 

15b 

28 

li 

61-0 

96 

1827 

3981 

5808 

1148 

2886 

4084 

5-6 

45-9 

16a 

11 

0 

58-4 

55 

698 

1293 

1991 

19 

198 

217 

8-5 

540 

16b 

10 

2i 

580 

40 

655 

1204 

1859 

-24 

109 

85 

6-6 

54-4 

17a 

30 

1 

61-5 

113 

1971 

4127 

6098 

1292 

8032 

4824 

6-1 

47-8 

17b 

31 

3i 

61-7 

59 

2004 

4186 

6190 

1325 

8091 

4416 

30 

47-9 

18a 

14 

H 

59-3 

41 

921 

1497 

2418 

242 

402 

644 

4-7 

61-5 

18b 

16 

1* 

61-4 

47 

1052 

1587 

2639 

373 

492 

865 

4-7 

66-3 

19 

30 

1 

61-7 

82 

1949 

3458 

5407 

1270 

2863 

3638 

4-4 

56-4 

20-1 

18 

u 

61-3 

80 

1203 

2045 

3248 

524 

950 

1474 

71 

58-8 

20-2 

15 

2i 

61-3 

40 

993 

1346 

2389 

314 

251 

565 

4-2 

73-7 

21 

15 

u 

60-5 

54 

979 

1618 

2597 

800 

523 

823 

5-8 

60-4 

22 

11 

2 

60-2 

33 

725 

1285 

2010 

46 

190 

236 

4-7     56-4 

of  Wheel  Year  after  Year  on  the  tame  Land. 


85 


Appshdix-Tabub  XXI. — ^Pboduoi  of  tbe  40th  Sbason,  1882-8.  Seed 
(Squabi  Head)  sown  Noyembeb  6  and  9, 1882 ;  Obop  cut  August  18-23, 
an^  carted  August  24-27, 1883. 


ProdncQ  per  Acts,  &c. 
(For  tbe  If  annrea,  see  pp.  63  and  64.) 

Increase  per  Acre  by 
Manore. 

Offid 

Grain 

to  100 

Dressed. 

Puns. 

Dreesed  Grain. 

Offal 
Grain. 

Total 
Grain. 

Straw 

and 

Chaff. 

Total 
Prodnoe 

(Grain 

and 
Straw). 

Grain. 

Straw 

and 

Chaff. 

Total 
PiDdace. 

Total 
Grain 

QiuuBttty. 

Weight 

per 
Bnahel. 

to  100 
Straw. 

0 

bnah.  pks. 
15     Of 

lbs. 
61-7 

lbs. 
43 

lbs. 
980 

lbs. 
997 

lbs. 
1977 

lbs. 
108 

lbs. 
-     9 

lbs. 
99 

4-6 

98-3 

1 
2 

11 
35 

^ 

61-6 
62-4 

25 
49 

712 
2244 

783 
2930 

1495 
5174 

-160 
1372 

-223 
1924 

-383 
3296 

3-7 
2  2 

90-9 
76-6 

3 

13 

3i 

61*2 

28 

872 

1006 

1878 

•  • 

•  • 

•  • 

3-3 

86-7 

4 

13 

IJ 

61-2 

23 

837 

978 

1815 

-  35 

-  28 

-  63 

2-9 

85-6 

5a 

15 

2 

61-8 

35 

994 

1101 

2095 

122 

95 

217 

3-6 

90-3 

5b 

15 

3i 

620 

37 

1023 

1175 

2198 

151 

169 

320 

3-8 

870 

6a 

27 

2 

621 

50 

1756 

2655 

4411 

884 

1649 

2633 

2-9 

66-2 

6b 

27 

3 

63-4 

50 

1806 

2554 

4360 

934 

1648 

2482 

2-8 

70-7 

7a 

35 

3i 

62-7 

107 

2357 

3657 

6014 

1485 

2651 

4136 

4-8 

64-4 

7b 

36 

u 

631 

107 

2399 

3607 

6006 

1527 

2601 

4128 

4-7 

66-5 

8a 

43 

0| 

63*4 

137, 

2871 

4654 

7625 

1999 

8648 

5647 

50 

61-7 

8b 

40 

IJ 

63-5 

125 

2695 

3928 

6623 

1823 

2922 

4745 

4*9 

68-6 

9a 

43 

H 

621 

218 

2905 

6127 

8032 

2033 

4121 

6154 

7-9 

56-7 

9b 

19 

0* 

59-6 

195 

1337 

1684 

3021 

465 

678 

1143 

171 

79-4 

10a 

17 

2 

60-4 

141 

1196 

1419 

2615 

324 

413 

737 

13-3 

84-3 

IQb 

18 

u 

61  0 

162 

1280 

1524 

2804 

408 

618 

926 

14-5 

840 

11a 

27 

3 

61-7 

129 

1842 

2466 

4308 

970 

1460 

2430 

7*6 

74-7 

llB 

25 

Oi 

60-6 

106 

1625 

2158 

3783 

753 

1152 

1906 

70 

75-3 

12a 

31 

n 

631 

131 

2110 

2854 

4964 

1238 

1848 

3086 

6-6 

73-9 

12b 

30 

Oi 

62-3 

104 

1977 

2668 

4645 

1105 

1662 

2767 

5-6 

741 

13a 

34 

1 

63-7 

115 

2297 

3504 

5801 

1425 

2498 

3923 

5-3 

65-6 

13b 

33 

3i 

62-2 

86 

2196 

3225 

6421 

1824 

2219 

3643 

4-9 

68-1 

14a 

34 

0 

62-3 

144 

2263 

3128 

5391 

1391 

2122 

8613 

6-8 

72-3 

14b 

82 

8 

621 

127 

2162 

2941 

5103 

1290 

1935 

3225 

6-2 

73-5 

15a 

33 

Oi 

62-7 

124 

2202 

3227 

5429 

1330 

2221 

3651 

60 

68-2 

15b 

32 

3i 

62-3 

119 

2164 

3279 

5443 

1292 

2273 

3565 

5-8 

66*0 

16a 

15 

U 

62-8 

44 

1008 

1063 

2071 

136 

57 

193 

4-6 

94-8 

16b 

16 

1 

621 

37 

1045 

1146 

2191 

173 

140 

313 

3-6 

91-2 

17a 

15 

2} 

62-4 

55 

1033 

1153 

2186 

161 

147 

308 

5-6 

89-6 

17b 

15 

2 

62-3 

34 

999 

1168 

2167 

127 

162 

289 

3-6 

85-5 

18a 

37 

2i 

62-6 

52 

2411 

3932 

6343 

1639 

2926 

4465 

2-2 

61-3 

18b 

38 

3 

62-5 

48 

2470 

3766 

6236 

1698 

2760 

4358 

20 

65-6 

19 

30 

2i 

62-7 

63 

1986 

2759 

4745 

1114 

1753 

2867 

3  3 

72-0 

20-1 

31 

0 

620 

135 

2058 

2887 

4945 

1186 

1881 

3067 

7-0 

71-3 

20-2 

17 

Oi 

61-2 

54 

1099 

1110 

2209 

227 

104 

331 

5-2 

990 

21 

16 

1 

620 

46 

1054 

1302 

2356 

182 

296 

478 

4-6 

80*9 

22 

12 

2 

62-4 

35 

816 

887 

1703 

-  56 

-119 

-175 

4-5 

920 

86 


Experiments  at  Rothamsted  on  the  Growth 


Apfbmbix-Tabli  XXn. — ^Dbbbsed  Oraih, 


Plots. 

HABVESTS. 

1 

1 

1 

1 

1864. 

1865. 

1866. 

1867. 

1868. 

1869. 

1870. 

1871. 

1878. 

1878. 

1874. 

1875. 

bsh.pks. 

b8h. 

pkB. 

bsh. 

pk«. 

b8h. 

plu. 

bdi.pks. 

beh. 

pkb. 

bfth.pk8. 

bsh.pks. 

beh.pks. 

bsb. 

pks. 

bsh. 

pk8.b8h.pkt 

0 

19 

0 

15 

2 

16 

3 

10 

2i 

22  li 

15 

li 

21 

2f 

13 

3f 

17 

1 

15 

2i 

16 

8i 10  li 

1 

14 

3| 

12 

U 

11 

If 

7 

8} 20  2i 

12 

Of 

16 

Of 

10 

li 

10 

3i 

10 

2 

11 

li 

8  Oi 

2 

40 

0 

37 

Oi 

32 

2i 

27 

2H1  3 

38 

1 

36 

2 

38 

3f 

32 

li26 

8 

39 

1 

28  Si 

8 

16 

If 

13 

li 

12 

Oi 

8 

8J 

16  2i 

14 

1 

14 

3f 

9 

li 

10 

2f 

11 

2f 

11 

If 

8  2t 

4 

17 

Oi 

14 

2f 

13 

li 

9 

1 

17  2 

14 

3i 

15 

2f 

10 

li 

11 

li 

12 

Oi 

12 

1 

7  2i 

5a 

16 

1 

14 

Of 

13 

Oi 

9 

2} 

16  li 

15 

2i 

18 

Of 

11 

0 

12 

3f 

12 

3i 

12 

2i 

8  1 

5b 

17 

2 

14 

Of 

13 

li 

8 

3* 

18  3i 

15 

3i 

19 

Of 

12 

8 

12 

2iil2 

2 

13 

If  10  Of 

6a 

31 

n 

24 

3i 

19 

3i 

15 

li27  8 

21 

Oi 

29 

8 

16 

3f 

20 

8il4 

3i 

25 

2fl5  8 

6b 

30 

3i 

25 

0 

21 

Oi 

16 

0128  Si 

22 

Oi 

31 

Oi 

17 

0 

20 

0fjl6 

3f 

25 

8il6  3 

7a 

44 

u 

40 

0 

30 

Oi 

22 

3f 

40  2 

28 

2i 

39 

2f;22 

Of 

30 

li;21 

Oi 

39 

li25  0 

7b 

47 

1 

40 

If 

29 

3 

21 

H 

39  Of 

28 

1 

41 

li!22 

li 

29 

0i22 

8 

39 

2i26  2 

8a 

49 

8 

43 

3* 

32 

0 

29 

H 

44  Oi 

35 

Oi 

45 

3f,26 

1 

37 

Oi.25 

3f 

41 

8i31  Oi 

8b 

50 

0 

48 

U 

32 

1 

31 

If 

48  3i 

34 

If 

44 

2 

29 

Oi 

34 

Oi 

29 

Oi 

39 

0i28  2f 

9a 

51 

Oi 

44 

Oi 

32 

2 

29 

Oi 

47  8i 

39 

0 

45 

2 

34 

If 

40 

2f 

35 

3i 

88 

0f80  2 

9b 

33 

1 

29 

2i 

30 

8 

22 

Oi 

27  1 

24 

Oi 

26 

If 

17 

2i 

23 

li 

21 

3i 

21 

2 

16  2 

10a 

32 

Oi 

25 

Of 

26 

1 

18 

Oi 

24  8 

20 

1 

21 

2f 

10 

Oi 

18 

0 

19 

2i 

25 

1 

12  8 

10b 

36 

Of 

30 

If 

28 

2 

19 

li 

27  2119 

Oi 

23 

Of 

10 

0 

18 

2f 

20 

2i 

27 

Of 

14  2i 

llA 

34 

2 

26 

2i 

27 

3i 

21 

8|33  1124 

Oi 

25 

Oi 

12 

Oi 

27 

0 

19 

Oi 

36 

2 

19  8f 

11b 

38 

1* 

28 

Oi 

28 

Oi 

22 

1 

33  2i20 

li 

25 

If 

9 

3i 

27 

If 

19 

If 

29 

1 

15  8t 

12a 

44 

If 

35 

Of 

28 

li 

25 

Oi 

39  2 

26 

If 

36 

2 

22 

2f 

30 

0 

22 

If 

40 

3t 

24  3| 

12b 

44 

3 

33 

3f 

28 

Of 

23 

3i 

40  1 

28 

Oi 

34 

0 

19 

If 

28 

2 

23 

li 

88 

0 

25  2i 

18a 

42 

2  J  35 

8 

24 

Of 

23 

li 

37  3i 

25 

2f:35 

2i 

28 

1 

30 

li22 

3i 

36 

8 

26  Of 

13b 

43 

2f38 

2 

25 

li 

24 

1 

40  2i 

28 

3i 

38 

li 

\q 

0i29 

2  24 

0 

87 

If  127  Sfl 

14a 

41 

0i36 

Oi 

28 

li 

23 

Of 

41  8|;28 

1 

35 

Oi 

21l 

2i:3l 

Of  23 

3f 

37 

8i'27  2i 

14b 

41 

8f37 

Oi 

27 

2i 

22 

li 

41  If 

27 

Oi 

36 

1 

2l\ 

^3f 

29 

If 

24 

1 

35 

li 

25  0 

15a 

37 

2^35 

If 

26 

0 

22 

3i 

44  Oi 

26 

2i 

88 

Of  29 

li 

30 

Oi 

32 

3i 

27 

8 

28  2i 

15b 

37 

1 

36 

1 

26 

li 

23 

Oi 

41  2i 

27 

Oi 

38 

2i 

32 

Oi 

32 

li 

32 

li 

30 

2i 

27  2 

16a 

50 

^ 

32 

0 

17 

Oi 

14 

li 

23  0 

16 

If 

18 

li 

13 

1 

13 

Si 

12 

2i 

9 

Oi 

10  2 

16b 

51 

u 

32 

2i 

17 

2 

14 

31 

22  2i 

15 

3i 

18 

Of 

13 

8 

12 

If 

13 

0 

14 

2i 

9  3 

rl7A 

36 

2J 

16 

3i 

27 

Of 

10 

3i 

38  Oi 

15 

1 

33 

li 

13 

li 

25 

8 

10 

2i 

32 

3i 

11  Oi 

,  17b 

35 

3i!l7 

Of 

25 

2i 

10 

2f 

36  8 

17 

0 

35 

1 

18 

2 

26 

Oi 

12 

3i 

33 

2i 

12  1 

]18a 

17 

oi;3o 

Oi 

12 

Of 

22 

3 

18  Of  23 

Oi 

17 

8 

28 

Oi 

12 

If 

19 

2 

18 

8 

25  1 

(18b 

18 

u 

32 

8 

13 

Of 

24 

If 

19  Of  22 

8i 

20 

1 

28 

8 

18 

If 

21 

Oi 

14 

Oi 

25  3i 

19 

37 

Oi 

32 

3i 

26 

2i 

23 

3f 

36  8f 

23 

Of 

32 

1 

22 

li 

27 

2f 

20 

0 

87 

Si 

22  8i 

20 

18 

2 

13 

2fl3 

2i 

7 

Of 

■  • 

13 

Of 

14 

2f 

10 

If 

11 

li 

12 

2 

18 

3 

8  Oi 

21 

24 

Si 

18 

lil7 

2 

12 

2J 

26  1 

20 

2i'25 

3 

15 

Of 

20 

Si 

14 

Oi 

22 

3i 

12  3f 

22 

25 

u 

19 

Of 

18 

If 

12 

2f24  SflS 

Of  26 

2il6 

8 

20 

Oi 

18 

Oi 

21 

lil3  3 

*  Average  of  9  years,  1865-73.  See  not©  (•)  to  Appendix-Table  L,  p.  64.  •  Average  of 
17a  and  17b,  are  tboee  of  10,  10  and  20  years  mineral  manure  suooeedinK  ammonianBalts 
ammonia-salts  succeeding  the  minend  manure  (Plots  17a  and  17b,  or  18a  and  18b.)  *  Produce 
Appendix-Table  I.,  p.  64.     '  Average  of  9  years  1864-7  and  1869-73.    ■  Average  of  19  years 


of  Whsat  Year  after  Year  on  the  same  Land. 
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^ 

in  BusHBLS  and  Pboks, 

per  AoBB,  per 

AUNUH. 

^ 

HARVESTS. 

1 

AVERAGE. 

Funs. 

im. 

1S77. 

18T8. 

1379. 

1330. 

1381. 

b^.pks. 

1331. 

beh.pk8. 

1333. 

Ot  10  Torn, 
1364-78. 

Of  10  Yean, 
1374-38. 

Of  20  Tears, 
1364-38. 

I)^pk«. 

balk.pks. 

beh.pk8. 

b8h.pk8. 

bfth.pks. 

bsh.pks. 

bosb.  pks. 

bush.  via. 

bosh.  pcks. 

n  8| 

11 

8f 

15 

2 

4  2f 

16 

Of 

15 

2i 

13 

Of 

15  Of 

16  3i 

13  Oi 

14 

Si 

0 

7  2 

7 

Oi 

10 

li 

2  2i 

11 

0 

12 

2f 

9 

If 

11  Oi 

12  3 

9  Oi 

10 

Si 

1 

23  3} 

24 

oj 

28 

1 

16  0 

38 

11 

30 

Of 

32 

2f 

35  Of 

35  Of 

29  2i 

32 

li 

2 

8  Oi 

8 

8* 

12 

li 

4  2f 

11 

2 

13 

3 

10 

8f 

18  3i 

12  3i 

10  li 

11 

2i 

8 

9  0 

9 

8i 

12 

If 

4  li 

12 

3 

12 

2i 

10 

Si 

13  li 

18  2i 

10  2 

12 

Oi 

4 

9  a{ 

11 

Of 

14 

3 

9  3 

18 

2i 

12 

3 

12 

Sf 

15  2 

14  0 

12  Oi 

13 

Oi 

9a 

U  Oi 

12 

Oi 

14 

2i 

5  2i 

16 

3i 

12 

2i 

12 

0 

19  3i 

14  2i 

12  li 

18 

2 

5b 

H  8^ 

14 

2} 

22 

1 

9  li 

27 

8 

21 

li 

23 

li 

27  2 

22  1 

20  1 

21 

1 

6a 

IS  2 

14 

1» 

23 

Of 

11  2f 

26 

Oi 

22 

0 

22 

Si 

27  3 

22  3t 
81  3i 

20  2i 

21 

Si 

6b 

21  li 

20 

2i 

30 

li 

15  1 

34 

2i 

27 

Of  36 

Si 

39  8i 

28  2i 

30 

li 

7a 

2S  2 

19 

0* 

32 

Of 

17  1 

34 

li 

26 

Oi 

34 

3 

36  li 

82  Oi 

29  Oi 

80 

2i 

7b 

90  2} 

27 

Of 

87 

3i 

20  Oi 

37 

2f 

32 

2 

36 

Of 

iS    Of 

36  3i 

83  8i 

89 

li 

8a 

28  2 

22 

1 

88 

li 

21  0 

32 

3i 

28 

Si 

37 

Si 

iO    If 

37  2i 

31  8i 

34 

S 

8b 

3S  U 

40 

0* 

37 

Of 

21  3f 

34 

Oi 

39 

If 

31 

Si 

43  li 

40  0 

34  2i 

87 

li 

9a 

13  0 

27 

2} 

23 

li 

4  2i 

10 

If 

22 

3 

24 

li 

19  Oi 

29  2i 

18  li 

22 

0 

9b 

It  0} 

17 

Of 

27 

li 

3  3f 

10 

2i 

18 

Of 

23 

2f 

17  2 

21  2i 

16  8i 

19 

1 

10a 

u  u 

18 

1 

29 

Si 

4  2i 

13 

If 

19 

3 

26 

Oi 

18  li 

23  li 

18  2i 

21 

0 

10b 

15  1 

18 

Si 

29 

2i 

11  Of 

27 

Oi 

21 

8f 

30 

Si 

27  8 

29  Oi 

23  Si 

24 

2i 

11a 

13  U 

16 

3J 

29 

2i 

11  Oi 

24 

2 

21 

0 

29 

Si 

29  Oi 

29  li 

21  2i 

28 

2 

llB 

19  2i 

19 

3^ 

28 

3 

13  Si 

30 

3 

29 

2i 

34 

li 

31  li 

31  Of 

27  0 

29 

0 

12a 

18  3 

15 

8 

29 

2i 

14  1 

27 

8i 

21 

Si 

34 

Sf 

30  Oi 

30  1 

29  2i 

28 

Oi 
Of 

12b 

M  2 

18 

2 

29 

0 

14  Of 

33 

Oi 

28 

2i 

32 

2i 

34  1 

30  2i 

27  8i 

29 

13a 

U  3i 

18 

0 

29 

3f 

17  8i 

32 

3i 

27 

Si 

31 

3 

33  3i 

32  2 

28  li 

90 

li 

13b 

n  8i 

19 

Of 

32 

2 

16  3 

32 

1 

28 

2i 

35 

Sf 

34  0 

81  2i 

28  3 

30 

Oi 

14a 

31  1 

18 

0 

31 

2i 

15  2f 

29 

2i 

26 

Of 

33 

If 

32  3 

30  3i 

26  3i 

28 

Si 

14b 

SI  3 

82 

»J 

20 

3f 

5  3i 

36 

3i 

29 

2 

29 

If 

33  Oi 

32  li 

26  Oi 

29 

Oi 

19a 

1 

23  Oi 

33 

If 

23 

Of 

4  3f 

35 

If 

29 

Oi 

28 

li 

32  3i 

32  2i 

26  3 

29 

3 

19b 

10  Si 

10 

1 

13 

3f 

5  li 

14 

2i 

13 

li 

11 

0 

19  li 

17  3Jh 
17  8i/ 

11  li 

14 

?.}■ 

16a 

11  Oi 

9 

1* 

13 

Of 

4  li 

14 

Of 

13 

2i 

10 

2i 

16  1 

11  2i 

14 

16b 

27  0 

10 

Oi 

29 

li 

2  2i 

32 

0 

13 

Si 

30 

1 

19  2f 

14  liU 

16  Oi/ 

12  on, 

12  2i/ 

18 

ID- 

17a 1 

25  ^ 

9 

3i 

28 

2i 

3  2i 

83 

2i 

12 

2 

31 

Si 

19  2 

14 

17b  , 

10  Oi 

11 

2f 

15 

Oi 

19  3i 

14 

2i 

31 

If  14 

8i37  2f| 

28  lih 
28  Si/ 

27  3  h 

28  2  / 

28 

S')- 

18a 

10  2} 

IS 

2 

15 

li 

20  3i 

15 

li 

32 

2 

16 

li 

38  3 

28 

18b  j 

19  1 

19 

If 

27 

If 

8  Of 

32 

2 

24 

2f 

30 

1 

30  2i 

28  li 

29  li 

26 

3i 

19 

^  1* 

11 

li 

14 

1 

'•( 

20 
12 

Si 
3 

23 
15 

2 

li 

18 
15 

li 
2i 

31  0 
17  01 

12  "i' 

12  "o 

23 

12 

If 

Of 

20-1 

20-2 

10  3 

11 

2* 

19 

li 

8  lil6 

2 

11 

Siii5 

li 

16  1 

19  2i 

14  2i 

17 

Oi 

21 

1 

> 

J 

13  0121 

Oi 

18 

2f;il  3i26 

If 

10 

Si 

11 

2 

12  2 

19  3 

16  Oi 

17 

Si 

22 

19  few*,  1869-83.  *  Soe  Note  '*)  to  Appendix-Table  I.,  p.  64.  «  The  averages  fdven  for  Plots 
(Plots  17a  and  17b,  or  18a  and  18b)  ;  and  those  given  for  Plots  18a  and  18b  of  10,  10  and  20  years 
Bnknown,  owing  to  a  mistake  at  harvest  '  Average  of  4  years,  1880-83.  See  Note  (')  to 
1861>7  and  1869-83. 
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Experiments  at  Rothamtted  an  the  Growth 


Appsitdxz-Tablb  XXIII.— Weigbts  per  Bushki. 


HAR7US1^ 

Pton. 

1864. 

1865. 

1866. 

1867. 

1868. 

1869. 

1870. 

1871. 

1878. 

1878. 

1874. 

ISTft. 

lbs. 

11)8. 

lbs. 

11m. 

»M. 

Ite. 

Ita. 

Ibt. 

11)8. 

Ibk 

lbs. 

lbs. 

0 

620 

590 

60*0 

58*7 

61*4 

58*1 

62-1 

66*5 

58*7 

57*6 

591 

59*4 

1 

620 

590 

59-8 

57^9 

60-0 

58*2 

62*5 

57*  0 

57*9 

56*6 

59-6 

58*5 

2 

62-5 

61*5 

61*7 

61-4 

61-6 

56*9 

63*4 

600 

60*7 

58*1 

60*2 

60-6 

8 

620 

60*6 

61-3 

561 

61  0 

561 

61*8 

54*8 

590 

570 

58-3 

600 

4 

61-9 

60*8 

60*9 

58*6 

61-6 

571 

62*6 

57-0 

57*6 

57*2 

58-8 

59*7 

5a 

62-1 

61-0 

60*8 

59-7 

62  2 

56*8 

62*6 

56*4 

60*2 

56*8 

69*1 

58-2 

5b 

620 

60*8 

61*0 

590 

63*5 

57*0 

62*6 

56*7 

59.8 

57*0 

591 

59-5 

6a 

620 

61*0 

61*0 

60*6 

62-4 

57*0 

63*0 

56*8 

60-1 

57*5 

59-7 

60-7 

6b 

62-0 

60*9 

61*0 

60*5 

63-2 

57*3 

631 

56*8 

60*8 

56*6 

59*5 

59-8 

7a 

630 

61-6 

611 

61*8 

61-5 

57-7 

63*3 

56*0 

60*4 

570 

59-9 

59-9 

7b 

631 

61*7 

60*9 

60*7 

60-6 

57*2 

63-2 

57*8 

60*0 

57*8 

59-7 

59-0 

8a 

63-5 

61-8 

60*0 

60*8 

62*1 

570 

63*7 

57*1 

60*5 

57*5 

601 

58*2 

8b 

63-5 

61-5 

60*2 

60*5 

61-9 

57*5 

63*8 

58*8 

60*4 

56*8 

59-6 

58-1 

9a 

62*6 

61-1 

60*6 

59*9 

61*1 

571 

62*7 

58*6 

600 

571 

60*4 

57-9 

9b 

61-7 

59*5 

59*9 

57*4 

62*0 

54*6 

61*8 

52*4 

55*5 

54*9 

57-5 

55-7 

10a 

61*8 

59*6 

61-2 

57-9 

61*9 

54-9 

60*8 

53*8 

56*8 

56*1 

56*5 

54-5 

10b 

62*1 

59-8 

61*5 

59*3 

62-4 

55-6 

60*8 

58*8 

55-9 

56*5 

56-9 

55-6 

llA 

59-7 

57*2 

60*8 

591 

62*4 

56*2 

60-8 

54*8 

59-5 

56*0 

57*9 

55-5 

llB 

590 

57*8 

60*5 

59*8 

62-2 

55*  1 

60*7 

53-8 

58-6 

55*1 

58*8 

54r-6 

12a 

62-6 

60*0 

61-0 

60*2 

63*6 

581 

62-4 

56-5 

60*1 

56*9 

59*4 

581 

12b 

62*4 

60*8 

61*8 

60*6 

63*3 

57*9 

62-5 

55-6 

59*4 

56*5 

59-7 

57-2 

18a 

63-2 

61-1 

620 

60*8 

63*0 

59-3 

63*7 

57*6 

60*8 

57*4 

60*6 

60-4 

13b 

68-4 

611 

61*5 

60*7 

63*2 

59*0 

63*9 

58*2 

60*8 

57*8 

60-4 

60-0 

14a 

631 

60*8 

61*1 

59*8 

63*9 

58*5 

63*2 

570 

59*8 

570 

59-9 

59-0 

14b 

62*8 

60-4 

61*3 

59*6 

64-1 

581 

62*7 

56*7 

59*5 

56*6 

59-2 

58-0 

15a 

63*1 

60*9 

61*6 

60*2 

63*8 

581 

63*8 

59-0 

60*5 

57*7 

61-8 

59-9 

15b 

63*0 

61*6 

61*4 

59*5 

63*3 

59*8 

68-9 

58*7 

60  7 

57*9 

60-9 

60-6 

16a 

63*2 

61*8 

61-9 

59  4 

62-9 

58*6 

63*2 

67-2 

59*5 

57*4 

60*2 

59-8 

16b 

63*2 

61*7 

61*6 

59- 1 

62-7 

58-1 

63-3 

56*5 

59*3 

570 

600 

59-5 

fl7A 

62*6 

60*9 

61*3 

59*2 

63*4 

581 

63*6 

560 

60*8 

56*6 

60*6 

58-9 

(•) 

17b 

62*6 

60*6 

61*1 

57*6 

64*2 

57-3 

63*7 

56-8 

60-5 

57-6 

60-9 

59-6 

18a 

61*8 

601 

60-6 

59*1 

62*7 

58  7 

63*1 

58*6 

59-8 

57-3 

58-8 

59-2 

ii8B 

61*6 

60*3 

60*8 

57  5 

62*9 

580 

63-3 

580 

59*5 

57*6 

58*8 

58-9 

19 

62*8 

58*9 

59*7 

56*7 

62*9 

56*7 

62*3 

56*0 

59*6 

56*7 

58*9 

56-5 

20 

63*3 

^6.2> 

59*1 

56-4 

5" 

56*9 

62-5 

55-8 

571 

56*9 

59*2 

57-0 

21 

62*3 

58*0 

59*9 

59*8 

62-6 

58' 1 

63*1 

56-8 

59*6 

56  9 

59*5 

59-9 

22 

620 

58*3 

59*8 

59*3 

62-8 

581 

630 

56-9 

59*8 

56*9 

59-8 

60  2 

■  Average  of  9  yean,  1865-73.  See  Note  (')  to  Appendix-Table  I.,  p.  64.  '  Average  of 
17b,  are  those  of  10, 10  and  20  yean  mineral  manure  snooeeding  ammonifr-salts  (Plots  17a  and 
sncoeedUig  the  mineral  manme  (Plots  17a  and  17b,  or  18a  and  18b).  *  Produce  nnknown, 
p.  64.    V  Average  of  9  years  1864-7  and  1869-73.    •  Average  of  19  years  1864-7  and  1869-83. 


^  WhuU  Year  qfier  Year  on  tke  teana  Lamd. 


89 


•f  Diuaftuu>  GRAnr 

;  each  YsAB, 

■ 

HAKTG8T8. 

AVBRAOK. 

FboxB. 

< 

urn 

1677. 

167a 

167BL 

im 

1861. 

1686. 

1688. 

or  10  Y««ni, 

1864-78. 

Of  10  Yean, 

1874-63. 

Of30  Yran, 
.1864-68. 

ib«. 

lla. 

Vtm. 

Uw. 

llli. 

lis. 

lbs. 

Iho. 

Ita. 

lbs. 

Ihs. 

57-3 

69-0 

59-0 

54-0 

58-6 

54-2 

61  0 

61-7 

59-4 

58-3 

58-9 

0 

56-8 

59-3 

59*1 

54-0 

57-6 

53-7 

601 

61-6 

591 

58-0 

58-6 

1 

tt-4 

59*1 

60-9 

56-8 

60-2 

58-9 

59-6 

62-4 

60-8 

601 

60-5 

2 

9»0 

58-9 

59-0 

52-5 

56-9 

58-0 

58-7 

61-2 

59-0 

58  3 

58-6 

3 

»-5 

S7-3 

59-9 

51-1 

57-4 

571 

57-8 

61-2 

59-5 

57-9 

58-7. 

4 

99-2 

57-4 

58-3 

53*9 

59-1 

58-0 

58*4 

61-8 

59-9 

58-4 

59-2 

5a 

59*1 

56-8 

59-3 

53-0 

59-2 

57-8 

58-5 

620 

59*9 

58-4 

59-2 

5d 

61-9 

59*6 

61' 1 

56-2 

59-8 

57-6 

60-7 

621 

60-1 

59-9 

600 

6a 

e2-2 

56-7 

60-5 

56*7 

59-8 

57-9 

60-8 

63-4 

601 

59-7 

59-9 

611 

63-2     99-1 

60-6 

56-5 

59-7 

58-4 

60-2 

62-7 

60-3 

60-0 

60-2 

7a 

fi2-7     59-3 

60-6 

56-8 

59-9 

59-1 

59-7 

63-1 

60-2 

600 

60-1 

7b 

63-1     59-4 

60-4 

56  7 

59-6 

59-1 

59-2 

63-4 

60-4 

59-9 

60-2 

8a 

62-7 

590 

60-2 

56-2 

58-5 

591 

590 

63*5 

60-4 

59*6 

600 

8b 

62-7 

57-9 

59-2 

56-5 

57-8 

58-4 

59-8 

62-1 

60-1 

59-8 

59-7 

9a 

56-8 

58-0 

56-9 

49-8 

53-5 

58-5 

580 

59-6 

57-9 

56-4 

57-2 

•  9b 

»7-2 

57-5 

59-5 

48-9 

54-9 

58*4 

60-7 

60-4 

58-5 

56-9 

57-7 

10a 

56-4     58-4 

59-6 

52-6 

53-5 

57-5 

60-6 

61  0 

58-8 

67-2 

580 

10b 

59-6 

60-0 

59-9 

55-5 

58*4 

56-2 

611 

61-7 

58*6 

58-6 

58-6 

llA 

58-4 

59-8 

60-0 

53  6 

57-3 

56-4 

61-2 

60-6 

58-2 

58-0 

681 

llB 

61-0 

60-2 

60-5 

56-4 

59-2 

55-0 

60-8 

631 

601 

59-4 

69-8 

12a 

60-4 

59-9 

60-8 

55-3 

58-7 

55-5 

61-2 

62-3 

60-0 

59-1 

69-6 

12b 

621 

601 

611 

57-5 

59-9 

55-8 

62*1 

63-7 

60-8 

60-3 

60«6 

13a 

62*4 

60-1 

60-6 

58-0 

59-4 

55-3 

61-5 

62*2 

60-9 

60-0 

60-5 

13b 

61-4 

59-5 

60-8 

57-7 

59-2 

55-7 

601 

62-3 

60-4 

59-6 

60-0 

14a 

60-7 

57-2 

60-3 

56-6 

57-8 

55-3 

60-5 

62-1 

60-2 

58-8 

59-5 

14b 

62-3 

589 

59-6 

531 

60-8 

55-9 

61-4 

62-7 

60-9 

59-6 

60-3 

15a 

61-7 

59-6 

60-1 

52-5 

60-7 

55-9 

61-0 

62-3 

60-9 

59-5 

60  2 

16b 

58-5 

57-2 

59-3 

52-8 

58-1 

56-1 

58-4 

62-8 

60-2\, 
59-9/ 

58-3 

59-2U 
59-1/ 

16a 

58-4 

58-9 

60-3 

52-9 

58-5 

551 

58-0 

62- 1 

58-4 

16b 

61-1 

69-1 

61-0 

52-5 

60-7 

65-4 

61-5 

62-4 

59-8\, 
69-8; 

58-3K 
58-2; 

59-0\4 
69  0/ 

17a  1 

60-6     58-6 

60-8 

49*5 

59-5 

551 

61-7 

62-3 

17b 

» 

56-3     58-0 

59-8 

58-7 

58-1 

55  7 

69-3 

62-6 

60-6\4 
60-4/ 

59-9\ 4 
59-7/ 

60-2\4 
600/ 

18a 

58-5 

58-8 

60-2 

57-9 

57-7 

55-5 

61-4 

62-5 

18b 

57-6 

58-0 

60-0 

53-6 

58*4 

56*4 

61-7 

62-7 

59-2 

58-4 

58-8 

19 

57-3 

581 

57-7 

53-0 

/600 
\56-6 

55-3 
56-4 

61-3 
61-3 

620 
61-2 

58-7  ' 

57-8 

59-7    • 
58-2   • 

20-1 
20-2 

57-4 

58-5 

59-3 

54-0 

57-3 

54-6 

60*5 

62-0 

59-7 

58-3 

69-0 

21 

57-0 

55-0 

59-9 

55-5 

57-3 

53-6 

60-2 

62-4 

59-7 

68-0 

68-9 

22 

19  ywn^  1666-83.  '  See  Note  to  Appendix-l'able  1.,  p.  64.  *  The  ayerages  given  for  Plots  17a  and 
17b,  or  18a  and  18b);  and  thoee  given  for  Plota  18a  and  18b  of  10, 10  and  20  years  ammoiiio^salts 
oviog  to  a  mistake  at  liarvest.    *  Average  of  4  years,  1880-83.     See  Note  (*)  to  Appendix-Table  I., 
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Experiments  at  Rothamsted  an  tlie  Growth 


Appendix-Tablb  XXIV.— Total  Gbaik 


PLOT& 


0 
1 

2 
8 
4 

5a 
5b 
6a 
6b 
7a 
7b 
8a 
8b 

9a 
•   9b 

10a 
10b 

llA 

11b 
12a 
12b 
13a 
13b 
14a 
14b 

15a 
15b 

16a 
16b 

117a 
17b 
18a 
18b 

19 

20 

21 
22 


HARVESTS. 


1861 


1241 
962 
2595 
1078 
1085 

1052 
1121 
2016 
1978 
2912 
3087 
3284 
8300 

3330 
2182 

2093 
2395 
2210 
2394 
2881 
2882 
2785 
2882 
2740 
2745 

2459 
2421 

3333 
3370 

2378 
2316 
1078 
1169 

2440 

929 

1625 
1642 


1865. 


lbs. 
993 
802 
2384 
828 
950 

910 
920 
1589 
1621 
2550 
2609 
2809 
2857 

2881 
2005 

1649 
1938 
1696 
1780 
2277 
2220 
2328 
2506 
2345 
2390 

2291 
2411 

2118 
2125 

1097 
1098 
1916 
2065 

2083 

889 

1128 
1195 


isee. 


lbs. 
1033 

709 
2070 

777 

852 

882 
843 
1255 
1333 
1897 
1885 
2057 
2051 

2061 
1979 

1693 
1848 
1789 
1800 
1804 
1812 
1576 
1647 
1813 
1768 

1655 
1690 

1111 
1127 

1739 

1648 

775 

846 

1698 

837 

1072 
1123 


1867. 


lbs. 
664 
487 
1755 
532 
583 

609 
551 
972 
1033 
1469 
1365 
1896 
2008 

1855 
1392 

1123 
1237 
1360 
1416 
1577 
1511 
1471 
1529 
1450 
1398 

1427 
1435 

890 
907 

678 

658 

1384 

1448 

1421 

433 

787 
791 


1868. 


lbs. 
1404 
1259 
2604 
1054 
1103 

1044 
1226 
1782 
1887 
2528 
2408 
2794 
3069 

2970 
1799 

1627 
1846 
2211 
2207 
2611 
2620 
2417 
2614 
2716 
2754 

2856 
2692 

1481 
1438 

2466 
2413 
1168 
1239 

2422 


1687 
1615 


1868. 


lbs. 
955 
744 
2256 
848 
896 

928 
956 
1273 
1345 
1748 
1771 
2105 
2086 

2368 
1452 

1210 
1188 
1443 
1251 
1638 
1726 
1631 
1827 
1778 
1701 

1635 
1694 

1019 
982 

952 
1059 
1431 
1418 

1447 

826 

1260 
942 


1870. 


lb«. 
1415 
1056 
2359 

956 
1023 

1178 
1228 
1936 
2023 
2568 
2672 
2992 
2939 

2940 
1735 

1420 
1496 
1653 
1682 
2347 
2218 
2328 
2535 
2336 
2398 

2502 
2550 

1207 
1208 

2187 
2815 
1175 
1335 

2137 

943 

1666 
1723 


1871. 


lb«. 
889 
685 
2498 
615 
708 

718 
827 
1099 
1078 
1503 
1520 
1745 
1940 

2228 
1093 

676 
663 
795 
668 
1458 
1259 


1872. 


lb*. 
1060 

701 
2046 

705 

717 

836 
833 
1308 
1299 
1936 
1937 
2404 
2244 

2565 
1434 

1178 
1166 
1766 
1758 
1928 
1824 


1878. 


1812 
2050 
1728 
1490 

1946 
1923 
1995 
1897 

1905 
2093 

1961 
2095 

836 
841 

874 
791 

824 
1129 
1763 
1792 

1685 

1673 

818 

862 

1413 

1794 

665 

696 

979 
1067 

1312 
1257 

Ibri. 
950 
636 
1622 
701 
749 

771 
754 
905 
1015 
1264 
1381 
1566 
1720 

2160 
1303 

1173 
1247 
1153 
1152 
1360 
1401 
1395 
1440 
1426 
1452 

1963 
1941 

759 

778 

639 

789 

1177 

1274 

1212 

758 

853 
1084 


1874. 


lbs. 
1014 

690 
2481 

694 

784 

768 
820 
1550 
1562 
2436 
2461 
2637 
2471 

2409 
1269 

1476 
1686 
2208 
1859 
2497 
2359 
2303 
2301 
2294 
2187 

1724 
1901 

564 
915 

2027 

2094 

832 

871 

2293 

845 

1391 
1289 


1876. 


Um. 
663 
511 
18dO 
567 
508 

526 
653 
1046 
10S4 
1652 
17253 
20O6 
18G7 

1965 
1050 

786 
934 
1217 
1026 
1585 
1574 
1673 
1766 
1747 
1576 

1594 
1829 

676 
613 

691 

777 

1569 

1598 

1392 

501 

842 
893 


1  AyeiHge  of  9  yenn,  1865-73.  See  Note  (*)  to  Appendix-Table  I.,  p.  64.  *  Average  of 
and  17b,  are  those  of  10, 10  and  20  yean,  mineral  manure  sucoeeding  ammonia-ealts  (Plots  17  a 
guooeeding  the  mineral  manure  (riots  17a  and  17b,  or  18a  and  18b).  '  Produce  unknown^ 
p.  64.    *  Average  of  9  years  1864-7  and  1869-73.    •  Average  of  19  years  1864-7  and  1869-83. 


of  Wheal  Year  after  Year  on  the  same  Land. 


9L 


in  Uml»  per  Aobb,  per  Amnuic* 


li 

HABri&TS. 

AVKHAGE. 

1 

lam 

1S77. 

1878. 

1879. 

1880. 

1881. 

1881. 

1888. 

Of  10  Yean, 
1864-78. 

or  10  Tears, 
1874-88. 

Of  20  Yean. 
1864-88. 

PLOVfl. 

Ibii. 

lilt. 

lbs. 

»M. 

VtM. 

11m. 

lbs. 

Ibe. 

lb«. 

Iba. 

lbs. 

733 

728 

959 

818 

990 

909 

846 

980 

1060 

814 

937 

0 

440 

484 

654 

182 

655 

728 

605 

712 

804 

561 

683 

1 

1545 

1481 

1890 

1064 

2373 

1907 

2004 

2244 

2219 

1883 

2051 

2 

500 

548 

776 

330 

689 

863 

679 

872 

809 

651 

730 

3 

MB 

584 

776 

317 

760 

758 

698 

837 

866 

652 

759 

4 

610 

668 

899 

385 

1128 

806 

793 

994 

888 

758 

823 

5a 

679 

708 

901 

382 

1088 

805 

760 

1023 

926 

777 

851 

5b 

962 

904 

1424 

619 

1718 

1333 

1466 

1756 

1413 

1278 

1346 

6a 

1081 

847 

1468 

762 

1610 

1383 

1468 

1806 

1461 

1307 

1384 

6b 

1444 

1259 

1998 

969 

2149 

1738 

2304 

2357 

2037 

1831 

1934 

7a 

1719 

1167 

2132 

1133 

2149 

1690 

2198 

2399 

2064 

1877 

1970 

7b 

»54 

1665 

2452 

1318 

2374 

2086 

2303 

2871 

2365 

2177 

2271 

8a 

18»5 

1354 

2485 

1384 

2031 

1837 

2343 

2695 

2421 

2036 

2229 

8b 

2255 

2383 

2333 

1462 

2130 

2271 

2012 

2905 

2536 

2212 

2374 

9a 

766 

1 

1654 

1408 

345 

654 

1424 

1520 

1337 

1637 

1143 

1390 

9b 

719 

1031 

1708 

272 

645 

1168 

1557 

1196 

1384 

1056 

1220 

10a 

1105 

1853 

370 

779 

1259 

1672 

1280 

1602 

1179 

1840 

10b 

963 

1182 

1894 

788 

1673 

1378 

2015 

1842 

1607 

1516 

1562 

llA 

i  832 

1046 

1903 

676 

1520 

1352 

1951 

1625 

1611 

1379 

1495 

11b 

1260 

1249 

1906 

913 

1921 

1525 

2221 

2110 

1988 

1719 

1853 

12a 

1206 

QQi. 

1966 

952 

1739 

1352 

2222 

1977 

1947 

1634 

1791 

12b 

1575 

1165 

1888 

964 

2070 

1737 

2105 

2297 

1969 

1777 

1873 

13a 

1668 

1108 

1917 

1188 

2029 

1694 

2048 

2196 

2095 

1792 

1948 

13b 

1454 

1170 

2085 

1105 

2007 

1737 

2285 

2263 

2032 

1810 

1921 

14a 

1338 

1063 

1994 

1089 

1811 

1580 

2134 

2162 

1999 

1693 

1846 

14b 

IGQS 

1978 

1334 

406 

2325 

1535 

1871 

2202 

2065 

1657 

1861 

15a 

1709 

2036 

1495 

333 

2242 

1500 

1827 

2164 

2102 

1704 

1903 

15b 

658 

610 

862 

359 

882 

809 

698 

1008 

Um  1 
1133/ 

713 

9171, 
921/ 

16a 

669 

567 

837 

321 

885 

799 

655 

1045 

731 

16b 

1709 

662 

1914 

189 

2017 

826 

1971 

1033 

920\4 
1018/ 

762^4 
785/ 

84114 
902/ 

17a] 

'  1611 

591 

1834 

255 

2083 

758 

2004 

999 

17b 

,  1 

609 

696 

955 

1284 

903 

1904 

921 

2411 

1813\ 4 
1835/ 

1750\4 
1773/ 

178n  4 
1804/ 

18a 

» 

639 

816 

976 

1330 

935 

1892 

1052 

2470 

18b 

:ii47 

1156 

1723 

573 

2057 

1538 

1949 

1986 

1807 

1581 

1694 

19 

442 

694 

863 

296 

/1314 
\  771 

1410 
921 

1203 
993 

2058 
1099 

775  » 

742 

1496  • 
758  • 

20-1 
20-2 

!  681 

710 

1208 

541 

992 

709 

979 

1054 

1237 

910 

1074 

21 

'  817 

J. 

1197 

1163 

761 

1581 

638 

725 

816 

1244 

988 

1116 

22 

J 

19  v«aiB,  1865-83.  '  See  Xute  (*)  to  Appendix-Tablo  L,  p.  6i.  *  The  averages  given  for  Plots  17a 
SM  17b,  or  18a  and  18b)  ;  and  those  given  for  Plots  18a  and  18b,  of  10, 10,  and  20  years,  ammonia-fttlts 
oviDg  to  a  mistake  at  harvebt.    '  Average  of  4  years,  1880-83.     Bee  Note  (')  to  Appendix-Table  1., 
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Experiments  at  Rothamsted  an  the  Growth 


Afpendix-Tablb  XXY. — ^Total  Stbaw  (and 


Plots. 

HARVI-STS. 

H 

1864. 

1866. 

1866. 

1867. 

1868. 

1869. 

1870. 

1871. 

1872. 

1878. 

1874. 

1876. 

\hA. 

llM. 

Ibfi. 

Ibe. 

Ibe. 

lbs. 

IbA. 

llw. 

lbs. 

lb«. 

lbs. 

lbs. 

0 

1575 

1135 

1729 

1320 

1855 

1493 

1239 

1566 

1878 

1183 

1328 

1150 

1 

1296 

1064 

1301 

944 

1594 

1180 

1087 

1451 

1270 

966 

972 

868 

2 

3893 

3100 

4058 

3136 

4190 

3937 

2733 

4506 

3761 

2463 

4489 

3719 

3 

1350 

1033 

1269 

973 

978 

1350 

1046 

1100 

1152 

902 

990 

1008 

4 

1337 

1162 

1419 

999 

1345 

1405 

1107 

1277 

1216 

998 

999 

910 

5a 

1293 

1182 

1454 

1099 

1250 

1514 

1802 

1340 

1801 

1054 

845 

1051 

5b 

1458 

1220 

1476 

966 

1442 

1687 

1419 

1529 

1361 

1032 

914 

1198 

6a 

3630 

1978 

2207 

1684 

2437 

2250 

2269 

2290 

2770 

1518 

2212 

1899 

6b 

3127 

2063 

2289 

1762 

2700 

2280 

2438 

2304 

2363 

1527 

2230 

2117 

7a 

4897 

3598 

3844 

2796 

4017 

3114 

3148 

8093 

3611 

1852 

4508 

3334 

7b 

5043 

3740 

3923 

2727 

8680 

3309 

3284 

3076 

4043 

2190 

4782 

3509 

8a 

5585 

4517 

5318 

4103 

4688 

8898 

3635 

8716 

5430 

2477 

6182 

4400 

8b 

6590 

4682 

5306 

4288 

4933 

3937 

3699 

4150 

4712 

2850 

5944 

4245 

9a 

5985 

4682 

5316 

4918 

5180 

4980 

3911 

4909 

6527 

3932 

5012 

4747 

9b 

3287 

3137 

4682 

8246 

2742 

8475 

2080 

2425 

3210 

2858 

2166 

2363 

10a 

2832 

2385 

2792 

2028 

2168 

2265 

1627 

1252 

2442 

1635 

1977 

1574 

10b 

3247 

2677 

3047 

2138 

2864 

2186 

1748 

1339 

2440 

1642 

2887 

1782 

lU 

3440 

2397 

3130 

2218 

2790 

2568 

1917 

1448 

3387 

1583 

8166 

2392 

llB 

3878 

2662 

3252 

2402 

2850 

2345 

1895 

1279 

3450 

1578 

8077 

2217 

12a 

4315 

8067 

8473 

2628 

3421 

2637 

2577 

2700 

3988 

1943 

4011 

2972 

12b 

4356 

8148 

3538 

2685 

8653 

8008 

2503 

2440 

8888 

2037 

3774 

3104 

13a 

4480 

8248 

3350 

2662 

4010 

2826 

2815 

3433 

3988 

2036 

8952 

3299 

13b 

4620 

3518 

3623 

2822 

4040 

8267 

2993 

4125 

8808 

2107 

4002 

3231 

14a 

4003 

3127 

3563 

2598 

3685 

8076 

2584 

3063 

8850 

2120 

8570 

3060 

14b 

4107 

3195 

3367 

2537 

3668 

2999 

2588 

2937 

3725 

2172 

8618 

3183 

15a 

4003 

8142 

3053 

2670 

4656 

2954 

8072 

8597 

4011 

2992 

2609 

2916 

15b 

4010 

3875 

3297 

2730 

4223 

8008 

3119 

3808 

4134 

3165 

2943 

3491 

16a 

6003 

2837 

1955 

1583 

2125 

1678 

1365 

1510 

1642 

1130 

918 

1222 

16b 

5990 

2938 

1968 

1643 

1962 

1614 

1383 

1673 

1466 

1174 

1392 

1147 

ri7A 

3920 

1488 

8865 

1193 

8767 

1570 

2628 

1608 

3249 

1092 

8501 

1247 

,  )17b 

3667 

1452 

3582 

1257 

3527 

1829 

2715 

2032 

3358 

1108 

3473 

1450 

]18a 

1460 

2785 

1502 

2558 

1537 

2433 

1259 

3254 

1579 

1805 

1047 

2916 

Usb 

1600 

2877 

1533 

2675 

1672 

2460 

1488 

3428 

1761 

2007 

1012 

3096 

19 

8363 

2987 

3347 

2620 

8161 

2566 

2242 

2688 

3308 

1858 

8136 

2494 

20 

1332 

1807 

1627 

948 

•  • 

1253 

1175 

1350 

1247 

1098 

1812 

1028 

21 

2323 

1458 

2104 

1888 

2267 

2115 

1949 

1873 

2216 

1258 

1666 

137^ 

22 

2180 

1527 

2127 

1377 

2300 

1483 

1996 

1871 

2030 

1663 

1547 

14&1 

*  Average  of  9  years,  1865-73.  See  Note  (*)  to  Appendix-Table  I.,  p.  64.  *  Average  of 
and  17b,  are  those  of  10, 10  and  20  years,  mineral  manure  sucoeeding  ammonia-salts  (Plots  17a 
succeeding  the  mineral  manure  (Plots  17a  and  17b,  or  18a  and  18b).  '  Produce  unknown, 
p.  64.    '  Average  of  9  years  1864-7  and  1869-73.    *  Average  of  19  years  1864-7  and  1869-83. 
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Csaft),  in  Ibe.,  per  Aobb,  per  AmniM. 


•HARVESTS. 

f 

AVERAGE. 

• 

1 

isre. 

1877. 

1878. 

1879. 

1880. 

1881. 

188S. 

188S. 

Of  10  Yean, 
1864-78. 

or  10  Ye«rB, 
1874-83. 

or  20  Yean, 
1864-83. 

Plots. 

lbs. 

lU. 

Ite. 

Um. 

\\». 

\\». 

lbs. 

llH. 

llw. 

Ibe. 

IbB. 

830 

908 

1420 

691 

1315 

973 

1284 

997 

1497 

1090 

1293 

0 

571 

521 

1064 

428 

1151 

794 

1109 

783 

1215 

826 

1020 

1 

2140 

2266 

4042 

2239 

3902 

2367 

3993 

2930 

8578 

3203 

3391 

2 

942 

748 

1081 

763 

1149 

1146 

1095 

1006 

1115 

963 

1039 

3 

706 

807 

992 

748 

1268 

833 

1017 

978 

1227 

925 

1076 

4 

792 

872 

1324 

841 

1747 

909 

1317 

1101 

1274 

1080 

1177 

5a 

777 

892 

1320 

868 

1722 

897 

1244 

1175 

1359 

1101 

1280 

5b 

1201 

1172 

2813 

1400 

3172 

1595 

2897 

2655 

2303 

2101 

2202 

6a 

1393 

1179 

3074 

1784 

2649 

1663 

2940 

2554 

2285 

2158 

2222 

6b 

2015 

1983 

4804 

281K) 

4051 

2269 

5819 

3657 

3397 

8533 

3465 

7a 

2408 

1687 

5100 

3133 

3960 

2137 

5641 

3607 

3501 

8596 

8549 

7b 

3083 

2477 

6227 

4069 

5135 

8169 

7413 

4654 

4336 

4681 

4508 

8a 

2788 

2010 

6119 

4283 

3817 

2643 

6806 

3928 

4415 

4258 

4336 

8b 

3584 

8852 

5624 

4347 

4394 

3640 

6274 

5127 

5029 

4660 

4845 

9a 

1217 

2540 

2897 

1070 

1420 

1817 

8617 

1684 

3064 

2079 

2572 

9b 

922 

1322 

2762 

889 

1242 

1297 

2796 

1419 

2142 

1620 

1881 

10a 

1270 

1492 

2981 

1006 

1631 

1399 

8012 

1524 

2288 

1848 

2066 

10b 

1313 

1453 

4258 

2086 

2868 

1642 

8921 

2466 

2488 

2556 

2522 

Ua 

1228 

1353 

4326 

1955 

2835 

1552 

3805 

2158 

2559 

2451 

2505 

llB 

1711 

1640 

4479 

2555 

3589 

1884 

4938 

2854 

3069 

3063 

8006 

12a 

1661 

1331 

4824 

2384 

2939 

1885 

4636 

2668 

8076 

2921 

2998 

12b 

2431 

1581 

4708 

2776 

3859 

2319 

4918 

3504 

3284 

3335 

8810 

13a 

2435 

1556 

4664 

3327 

3649 

2220 

4865 

3225 

8492 

3317 

3405 

13b 

2027 

1633 

5014 

3072 

3638 

2276 

4949 

3128 

8167 

8236 

3202 

14a 

1863 

1503 

4794 

2734 

8009 

2108 

4570 

2941 

3130 

8032 

3081 

14b 

.  2320 

2817 

2931 

1019 

4234 

1917 

4216 

8227 

8415 

2821 

8118 

15a 

2535 

2750 

3211 

792 

3816 

2025 

3981 

3279 

8487 

2883 

3185 

15b 

841 

736 

1351 

808 

1736 

911 

1293 

1063 

1758\  , 
1741/ 

1087 

1405\, 
1399/ 

16a 

908 

767 

1312 

819 

1263 

953 

1204 

1146 

1091 

16b 

2605 

823 

4528 

589 

3388 

926 

4127 

1153 

1429\4 
1573/ 

110S\ 4 
1132/ 

1266\4 
1353/ 

17a  \ 

12474 

728 

4735 

659 

3271 

878 

4186 

1168 

17b   , 

898 

1038 

1514 

3283 

1340 

2533 

1497 

3982 

2976)  4 
3030/ 

8185\ 4 
8208/ 

8081)  4 
8119/ 

18a  i 

893 

1090 

1596 

3406 

1351 

2577 

1587 

3766 

18b  j 

1566 

1452 

3148 

1335 

3254 

1815 

3458 

2759 

2813 

2442 

2628 

19 

665 

Virx 

• 

1212 

745 

/2120 
\1096 

1770 
1006 

2045 
1346 

2887 
1110 

1260  ' 

1052 

2206  • 
1150  » 

20-1 
20-2 

i  935 

1049 

1821 

1138 

1626 

715 

1618 

1302 

1895 

1325 

1610 

21 

^ 

1214 

1725 

1880 

1798 

2469 

636 

1285 

887 

1855 

1493 

1674 

22 

19  yaan,  1865-83.  *  See  Note  (*)  to  Appendix-Table  I.,  p.  64.  *  The  aYerag^es  giYen  for  Plots  17 
and  17b«  or  18a  and  18b),  and  thode  given  for  Plots  18a  and  18b  of  10, 10  and  20  yean  ammonia-sal 
owing  to  a  nuntake  at  harvest    *  Average  of  4  years  1880-83.     Bee  Note  (*)  to  Appendix-Table  1 
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Experiments  at  Rothamsted  on  tlie  Growth 


Appendix-Tablb  XXVI. — Total  Peoduob 


(Gbais 


HARVESTS. 

Plots. 

1804. 

1866. 

1866. 

1867. 

1868. 

1869. 

1870. 

1871. 

1872. 

1878. 

1874. 

1875. 

Iba. 

Ibe. 

lbs. 

lbs. 

lbs. 

.  lbs. 

lbs. 

Ibe. 

Ihs. 

Ibfl. 

llM. 

lbs. 

0 

2816 

2128 

2762 

1984 

3259 

2448 

2654 

2455 

2933 

2133 

2342 

1813 

1 

2258 

1866 

2010 

1431 

2853 

1924 

2143 

2136 

1971 

1602 

1662 

1379 

2 

6488 

5484 

6128 

4891 

6794 

6193 

5092 

7004 

5807 

4085 

6870 

5609 

8 

2428 

1861 

2046 

1505 

2027 

2198 

2002 

1715 

1857 

1603 

1684 

1575 

4 

2422 

2112 

2271 

1582 

2448 

2301 

2130 

1985 

1933 

1747 

1733 

1418 

5a 

2845 

2042 

2286 

1708 

2294 

2442 

2480 

2058 

2137 

1825 

1613 

1577 

5b 

2579 

2140 

2319 

1517 

2668 

2643 

2647 

2356 

2194 

1786 

1734 

1851 

6a 

5646 

3567 

3462 

2656 

4219 

3523 

4205 

3389 

4078 

2418 

3762 

2945 

6b 

5105 

3684 

3622 

2795 

4587 

3625 

4461 

3382 

3662 

2542 

8792 

3201 

7a 

7809 

6148 

5741 

4265 

6545 

4862 

5716 

4596 

5547 

3116 

6944 

4986 

7b 

8130 

6349 

5808 

4092 

6088 

5080 

5956  4596 

5980 

3571 

7243 

5232 

8a 

8869 

7326 

7375 

5999 

7477 

6003 

6627  5461 

7834 

4043 

8819 

6406 

8b 

8890 

7539 

7357 

6296 

8002 

6023 

6U38 

6090 

6956 

4570 

8415 

6112 

9a 

9315 

7563 

7377 

6773 

8150 

7298 

6851 

7137 

9092 

6092 

7421 

6712 

9b 

5469 

5142 

6661 

4638 

4541 

4927 

3815 

3518 

4644 

3661 

3435 

3413 

10a 

4925 

4034 

4485 

3146 

3790 

3475 

8047 

1927 

3620 

2808 

3453 

2360 

10b 

5642 

4615 

4895 

3375 

4210 

3374 

3244 

2002 

3606 

2889 

4073 

2716 

llA 

5650 

4093 

4919 

3578 

5001 

4011 

3570 

2243 

5153 

2736 

5374 

3609 

llB 

6272 

4442 

5052 

3818 

5057 

3596 

3577 

1947 

5208 

2730 

4936 

3243 

12a 

7196 

5344 

5277  4205 

6032 

4275 

4924 

4158 

5861 

3303 

6508 

4557 

12b 

7238 

5368 

5350  4196 

6273 

4734 

4721 

3699 

5212 

3438 

6133 

4678 

13a 

7265 

5571 

4926 

4133 

6427 

4457 

5143 

5245 

5934 

3431 

6255 

4972 

18b 

7502 

6024 

5270 

4351 

6654 

5094 

5528 

6175 

5731 

3547 

6303 

4997 

14a 

6743 

5472 

5376 

4048 

6401 

4854 

4920 

4791 

5845 

3546 

5864 

4807 

14b 

6852 

5585 

5135 

3935 

6422 

4700 

4986 

4427 

5622 

3624 

5805 

4759 

15a 

6462 

5433 

4708 

4097 

7512 

4589 

5574 

5502 

5972 

4955 

4333 

4510 

15b 

6431 

5786 

4987 

4165 

6915 

4702 

5669 

5901 

6229 

5106 

4844 

5320 

16a 

9336 

4950 

3066 

2473 

3606 

2697 

2572 

2346 

2516 

1889 

1477 

1898 

16b 

9360 

5063 

3095 

2550 

3400 

2596 

2541 

2414 

2257 

1952 

2307 

1760 

ri7A 

6298 

2585 

5104 

1871 

6233 

2522 

4815 

2432 

4934 

1731 

5528 

1938 

> 
• 

17b 

5983 

2550 

5225 

1915 

5940 

2888 

5030 

3161 

5031 

1897 

5567 

2227 

18a 

2538 

4701 

2277 

3942 

2705 

3864 

2434 

5017 

2397 

2982 

1879 

4485 

(ISb 

2769 

4942 

2379 

4123 

2911 

3878 

2823 

5220 

2623 

3281 

1883 

4694 

19 

5803 

5070 

5045 

4041 

5583 

4013 

4379 

4101 

5097 

3070 

5429 

3886 

20 

2261 

2196 

2464 

1381 

A 

•  • 

2079 

2118 

2015 

1943 

1856 

2157 

1529 

21 

3948 

2586 

3176 

2175 

3954 

3375 

3615 

2852 

3528 

2111 

3057 

2218 

22 

3822 

2722 

3250 

2168 

3915 

2425 

3719 

2938  3287 

2747  2836 

2384 

*  Average  of  9  yeai-s,  1865-73.  See  Note  (*)  to  Appendix-Table  I ,  p.  64.  *  Average  of 
and  17b,  aie  tboee  of  10, 10  and  20  years  mineral  manure  succeeding  ammonia-salto  (Plota  17a 
succeeding  the  mineral  manures  (Pluts  17a  and  17b  or  18a  and  18b).  *  Produce  unknowD, 
p.  64.    '  Average  of  9  years  1864-7  and  1869-73.    •  Average  of  19  }  eai^  1864-7  and  1869-83, 
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mi  SnAw), 

in  Ibe.,  per  Acsa,  per 

Aknuk. 

n 

HARVECTS. 

AVhIRAaB.   • 

1878. 

1677. 

1878. 

1879. 

IWk 

1881r 

188S. 

1888. 

OrioTMrs 
1864-78. 

or  10  Ymn, 
1874-83. 

or  ao  Team, 

1864-88. 

PU>T8. 

1^ 

lbs. 

Ibt. 

Ibe. 

Iba. 

lbs. 

lbs. 

lb«. 

Vtm, 

lbs. 

IbR. 

1563 

1636 

2379 

1009 

2305 

1882 

2130 

1977 

2557 

1904 

2230 

0 

1011 

955 

1718 

610 

1806 

1522 

1714 

1495 

2019 

1887 

1703 

1 

:W85 

3747 

5932 

8303 

6275 

4274 

6997 

5174 

5797 

5086 

5442 

2 

1142 

1291 

1857 

1093 

1838 

2009 

1774 

1878 

1924 

1614 

1769 

3 

1252 

1391 

1768 

1065 

2023 

1591 

1715 

1815 

2093 

1577 

1835 

4 

1402 

1540 

2223 

1226 

2875 

1715 

2110 

2095 

2162 

1838 

2000 

5a 

1456 

1600 

2221 

1250 

2760 

1702 

2004 

2198 

2285 

1878 

2081 

5b 

21G3 

2076 

4237 

2019 

4890 

2928 

4363 

4411 

3716 

3379 

3548 

6a 

2474 

2026 

4542 

2546 

4259 

3046 

4408 

4360 

3746 

3465 

3606 

6b 

3159 

3242 

6802 

3859 

6200 

4007 

8123 

6014 

5434 

5364 

5399 

7a 

4127 

2854 

7232 

4266 

6109 

8827 

7889 

6006 

5565 

5473 

5519 

7b 

5137 

4142 

8679 

5387 

7509 

5255 

9716 

7525 

6701 

6858 

6779 

8a 

4683 

3364 

8604 

5667 

5848 

4480 

9149 

6623 

6836 

6294 

6565 

8b 

5639 

6235 

7957 

5809 

6524 

5911 

8286 

8032 

7565 

6872 

7219 

9a 

1963 

4194 

4305 

1415 

2074 

3241 

5137 

3021 

4701 

8222 

3962 

9b 

1641 

2353 

4470 

1161 

1887 

2465 

4353 

2615 

8526 

2676 

3101 

10a 

2118 

2597 

4834 

1376 

2410 

2658 

4684 

2804 

3785 

3027 

3406 

10b 

2276 

2635 

6152 

2874 

4541 

8020 

5936 

4308 

4095 

4072 

4084 

llA 

aMO 

2399 

6229 

2631 

4355 

2904 

5756 

3783 

4170 

3830 

4000 

11b 

2971 

2889 

6385 

8468 

5510 

3409 

7159 

4964 

5057 

4782 

4919 

12a 

2867 

2325 

6790 

8336 

4678 

3237 

6858 

4645 

5023 

4555 

4789 

12b 

4006 

2746 

6596 

8740 

5929 

4056 

7023 

5801 

5253 

5112 

5183 

ISA 

4104 

2664 

6581 

4515 

5678 

3914 

6918 

5421 

5587 

5109 

5348 

13b 

^81 

2803 

7099 

4177 

5645 

4013 

7184 

5391 

5199 

5046 

5123 

14a 

3201 

1 

2566 

6788 

3823 

4820 

3683 

6704 

5103 

5129 

4725 

4927 

14b 

3922 

4795 

4265 

1425 

6559 

3452 

6087 

5429 

5480 

4478 

4979 

15a 

4244 

4795 

4706 

1125 

6058 

3525 

5808 

5443 

5589 

4587 

5088 

15b 

1499 

1346 

2218 

1167 

2618 

1720 

1991 

2071 

2902\, 
2874/ 

1800 

2322\, 
2320/ 

16a 

1577 

1334 

2149 

1140 

2148 

1752 

1859 

2191 

1822 

16b 

4314 

1485 

6442 

778 

5400 

1752 

6098 

2186 

2349\4 
2591/ 

1865\4 

2107\ 4 
2255/ 

17a  1 

4065 

1319 

6569 

914 

5354 

1636 

6190 

2167 

19171 

r 

17b 

• 

1507 

1734 

2469 

4567 

2243 

4437 

2418 

6343 

4789\ 4 
4865/ 

49351 

4 

4862  4 
49231 

18a  I 

1532 

1906 

2572 

4736 

2286 

4469 

2639 

6236 

4981J 

18b  ) 

3713 

2608 

4871 

1908 

5311 

3353 

5407 

4745 

4620 

4023 

4322 

19 

1107 

1688 

2075 

1041 

/3434 
\1867 

3180 
1927 

3248 
2339 

4945 
2209 

2035  » 

1794 

3702  • 
1908  • 

20-1 
20-2 

1616 

1759 

3029 

1679 

2618 

1424 

2597 

2356 

8132 

2235 

2684 

21 

-J 

2031 

2922 

3043 

2559 

4050 

1274 

2010 

1703 

3099 

2481 

2790 

22 

19  jean,  1865-83.  *  See  Note  (*)  to  Appendix-Table  I.,  p.  64.  *  The  aveisgos  given  for  Plots  17a 
tod  17b,  or  18a  and  18b);  and  those  given  for  Plots  18a  aua  18  b  of  10, 10  and  20  years  ammonia-salts 
sviqg  to  a  mistake  at  harvest    *  Average  of  4  years,  1880-83.     Bee  Note  (')  to  Appendix-Table  I., 
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Appbkdxz-Table  XXYII. — ^Ayxsagb  Pboduos  per  Ache,  per  Amnm, 


Plots. 

Dbubsd  OBAiir. 

QuanUty. 

Weight  per  Bnsbel. 

16  Yean, 

16  Years, 

3aYeaI^ 

16  Years, 

16  Years, 

sa  Years, 

1862-1867. 

1868-1888. 

1852-1888. 

1858-1867. 

1868-1883. 

1868-1888. 

tnuh 

.  peckn. 

bosh,  peeks. 

bnsh.  pecks. 

Ibe. 

lbs. 

lb«. 

0 

17 

2i 

14    3i 

16    Oi 

581 

58-6 

58-4 

1 

15 

Of 

10    3 

12    3i 

57-8 

58-8 

58-1 

2 

35 

Oi 

31    3{ 

33    2 

59-9 

601 

600 

8 

14 

8J 

11    u 

13    Oi 

57-4 

58-3 

57*8 

4 

16 

oi 

11    2i 

13    8i 

580 

58-2 

58*1 

5a 

17 

Oi 

13    Oi 

15    Oi 

58-7 

58-7 

58-7 

5b 

17 

U 

13    2 

15    If 

58-5 

58*8 

58*7 

6a 

26 

n 

20    8i 

23    8 

59-2 

59-8 

59*5 

6b 

27 

n 

21    1} 

24    1( 

59-3 

59-6 

59*5 

7a 

35 

8 

29    1} 
29    2} 

32    2 

59-2 

69-8 

59*5 

7b 

36 

Oi 

32    Si 

59-2 

59-7 

59-5 

8a 

38 

0* 

34    2i 

36    li 

58-7 

59-8 

59*3 

\SB 

88 

n 

83    2i 

86    0 

68-7 

59*6 

59-2 

9a 

35 

21 

36    3i 

36    1 

581 

59-3 

58*7 

9b 

26 

2i 

20    1 

23    1{ 

56-5 

56*5 

565 

10a 

23 

u 

17    2f 

20    2 

56-9 

57-1 

570 

10b 

27 

u 

19    Oi 

23    1 

57-9 

57*3 

57-6 

llA 

28 

8J 

23    8 

26    li 

571 

58*4 

57-8 

11b 

29 

8J 

22    Oi 

25    3i 

57*3 

57*9 

57  6 

12a 

34 

n 

27    8{ 

31    li 

58-9 

59*5 

59*2 

12b 

34 

2J 

26    8i 

30    2( 

590 

591 

59*1 

13a 

33 

2i 

28    2i 

31    Oi 

59-4 

60*3 

59-8 

13b 

34 

1» 

29    3i 

82    Oi 

59-4 

601 

59*8 

14a 

34 

OJ 

29    2i 

31    3i 

590 

59*7 

59-4 

14b 

34 

If 

28    Oi 

31    1 

59*0 

591 

591 

15a 

32 

2 

28    Si 

30    2i 

59-3 

59*9 

59-6 

15b 

33 

8J 

29    2 

31    2i 

59*3 

59*9 

59*6 

16a 

39 

UC) 

14    2  («) 

24    2i 

5800) 

59*20) 

58*7 

16b 

39 

2  (■) 

14    2iO 

24    8 

58-0.0) 

59*10) 

58-7 

ri7A 

17 

8i 

13    Oi 

15    1| 

58-7 

58-6 

58*7 

^^   18a 

17 

2S 

14    0} 

15    3{ 

58-5 

58*7 

58-6 

31 

S 

27    3i 

29    3i 

59-1 

601 

59-6 

U8b 

31 

8J 

28    2 

30    02 

59*1 

59*9 

59*5 

19 

31 

1 

25    8i 

28    2i 

58-4 

58*6 

58*5 

20-1 

•  • 

•  • 

23    IJO 

•  • 

•• 

59*70) 

20-2 

14 

21 

12    Oi 

13    IfO 

57-7 

57-8 

57-70) 

21 

21 

01 

16    3i 

19    0 

58-4 

58-8 

58-6 

22 

21 

0 

17    2( 

19    li 

58*8 

58*6 

58-4 

(0  Average  of  13  yean,  1852-'64.    (Mixed  minerals  and  ammonia-salts.) 
0)  Average  of  19  years,  1865-'83.    (Unmunuiod.) 
0)  On  Plots  17a  and  17b,  and  18  a  and  18b,  the  manures  have  been  alternated 
mineral  manure  on  Plots  18a  and  18b,  in  one  year ;  mineral  manure  on  Plots 
(0  Average  of  4  years,  1880-^83.  See  Note  0)  to  Appendix-Table  I.,  p.  6(. 
0)  Averages  of  16, 15,  and  31  years  only ;  as,  in  1868,  owing  to  a  mistukd 
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16  Ybaeb,  1862-67, 16  Tears,  1868-83,  and  32  Tbabs,  1852-83. 

Stnw  (aad  ClMfl). 

Total  Prodoce  (Qrain  «nd  Straw). 

Pion. 

UYev% 

laTcftn, 

nTean. 

16  Yeans 

leTean, 

83  Yean, 

iaft»-1867. 

1868-1888. 

1858-1888. 

1868-1867. 

1868-1888. 

1862-1888. 

Rn. 

Um. 

Iht. 

Ita. 

lbs. 

Iha. 

1744 

1256 

1500 

2847 

2182 

2515 

0 

1613 

988 

1301 

2567 

1656 

2112 

1 

3788 

8352 

3570 

6013 

5865 

5689 

2 

1535 

1009 

1272 

2459 

1721 

2090 

3 

1606 

1038 

1322 

2627 

1770 

2198 

4 

1704 

1160 

1432 

2776 

1976 

2876 

5a 

1774 

1217 

1496 

2865 

2067 

2466 

5b 

2811 

2159 

2485 

4486 

3477 

3981 

6a 

2878 

2200 

2589 

4598 

3567 

4077 

6b 

4087 

3385 

8736 

6839 

6261 

5795 

7a 

4141 

3471 

3806 

6413 

5375 

5894 

7b 

4750 

4415 

4583 

7161 

6626 

6894 

8a 

4786 

4179 

4482 

7213 

6327 

6770 

8b 

4626 

4749 

4688 

6880 

7084 

6982 

9a 

8287 

2318 

2802 

4975 

3583 

4279 

9b 

2579 

1724 

2151 

4066 

2839 

8452 

10a 

2990 

1888 

2439 

4724 

8100 

3912 

10b 

3085 

2454 

2769 

4901 

8965 

4483 

llA 

3226 

2369 

2797 

5101 

3776 

4438 

llB 

3792 

2990 

3391 

5971 

4773 

5372 

12a 

8829 

2890 

3359 

6011 

4602 

5306 

12r 

3817 

3278 

8548 

5951 

5110 

5530 

13a 

3936 

3345 

8640 

6123 

5289 

5681 

18b 

3818 

8171 

3495 

5983 

5061 

5517 

14a 

3839 

3026 

3432 

6012 

4815 

5418 

14b 

3651 

3093 

3372 

5706 

4930 

5818 

15a 

3859 

3143 

8501 

5996 

5024 

6510 

15b 

5218  (>) 

1405  O 

2954 

7708  O 

2322  n 

4510 

16a 

52150) 

1399  O 

2949 

7718  O 

23200) 

4513 

16b 

1854 

1230 

1542 

2977 

2055 

2516 

17a) 

1841 

1826 

1583 

2953 

2217 

2585 

17b  ... 
18a  ^^ 

3596 

3061 

3328 

5600 

4824 

6212 

3627 

3098 

3362 

5635 

4887 

5260 

18b  j 

3411 

2515 

2963 

5400 

4155 

4778 

19 

•• 

•• 

2206(0 

. . 

. . 

37020) 

20-1 

1612 

1109 

1869  (») 

2546 

1868 

22160) 

20-2 

2212 

1558 

1885 

3538 

2612 

3075 

21 

2182 

■ 
ft 

1642 

1912 

3500 

2740 

3120 

22 

emoh  year  ainoe  1852 ;  that  ia,  ammonia-salta  on  Plots  17a  and  17b,  and  the  mixed 
17a  and  17b,  and  ammoniarealta  on  Plots  18a  and  18b,  in  the  next  year,  and  so  on. 

in  carting,  the  prodnce  oonld  not  be  asoertained. 
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ON  SOME  POINTS  IN  THE  COMPOSITION  OF  SOILS; 
WITH  RESULTS  ILLUSTRATING  THE  SOURCES  OF 
THE  FERTILITY  OF  MANITOBA  PRAIRIE   SOILS  * 

By  Sir  J.  B.  Lawes,  Bart.,  LL.D.,  PJl.S.,  f!c.S.,  and  J.H.  Gilbbbt, 

Ph.D.,  LL.D.,  r.R.S.,  V.P.C.S. 

This  paper  may  be  considered  as  a  oontinnation  of  one  read  in  the 
Cliemical  Section,  at  the  meeting  of  the  American  Association  for  the 
Advancement  of  Science  held  at  Montreal,  in  August,  1882,  entitled — 
''  Determinations  of  Nitrogen  in  the  Soils  of  some  of  the  Experimental 
Fields  at  Rothamsted,  and  the  Bearing  of  the  Results  on  the  Question 
of  the  Sources  of  the  Nitrogen  of  our  Crops," — and  in  order  adequately 
to  bring  out  the  bearings  of  the  new  results,  embodied  in  the  present 
communication,  it  is  desirable,  first  to  summarise  the  main  results 
and  conclusions  of  the  previous  one. 

The  question  of  the  sources  of  the  nitrogen  of  our  crops  is  one 
respecting  which  very  coliflicidng  views  are  still  entertained ;  and  it 
may  at  once  be  admitted  that  so  long  as  the  facts  of  agricultural  pro- 
duction alone  are  studied,  without  knowledge  of,  or  reference  to,  the 
changes  in  the  stock  of  nitrogen  in  the  soil,  it  would  seem  not  un- 
reasonable to  assume  that  a  large  proportion  of  the  nitrogen,  at  any 
rate  of  some  crops,  must  be  derived,  in  some  way  or  other,  from  the 
atmosphere. 

Yield  of  Nitrogen  per  Acre  in  Different  Crops. 

Obviously,  it  is  a  point  of  first  importance  to  determine  what  really 
is  the  annual  yield  of  nitrogen  in  difiEerent  crops  over  a  given  area, 
excluding,  as  far  as  possible,  the  amounts  due  to  unknown  supplies 
by  manure ;  thus,  as  far  as  practicable,  limiting  the  source  to  the 
stores  of  the  soil  itself,  and  to  the  atmosphere.  The  Rothamsted 
field  experiments,  in  which  different  crops  have  been  grown  for  very 
many  years  in  succession  on  the  same  land,  both  without  nitrogenous 
manure,  and  with  known  quantities  of  such  manure,  afford  valuable 
data  of  the  kind  required  ;  and.  in  our  former  paper,  the  results  were 
discussed  in  some  detail.  It  must  suffice  here  to  summarise  them 
very  briefly. 

The  average  yield  of  nitrogen  per  acre  per  annum  was,  in  wheat, 
32  years  without  manure  20*7  lbs.,  and  24  years  with  a  complex 

*  Bead  before  the  Chemical  Section,  at  the  Montreal  Meeting  of  the  BritiBh 
j^asociation  for  the  Advancement  of  Science,  September  2, 1884. 
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mineral  masnre  22'1  Ibb. ;  in  barley,  24  years  without  manure  18*3  lbs., 
and  24  years  with  a  complex  mineral  manure  22*4  lbs. ;  in  root-crops, 
36  years  (including  8  of  barley),  with  a  complex  mineral  manure  25'2  lbs.; 
in  beans,  24  years  without  manure  81'3  lbs.,  and  24  years  with  a  com- 
plex mineral  manure  45*5  lbs. ;  in  clover,  6  crops  in  22  years,  with  1  of 
wheat,  3  of  barley,  and  12  years  of  fallow,  without  manure  30*5  lbs.,  and 
with  a  complex  mineral  manure  39*8  lbs. ;  in  clover  on  land  which  had 
not  grown  the  crop  for  many  years,  1  year  151*3  lbs. ;  in  a  rotation  of 
crops,  7  courses,  28  years,  without  manure  36*8  lbs.,  and  with  super- 
phosphate of  lime  45*2  lbs.;  in  the  mixed  herbage  of  grass  land, 
20  years  without  manure  33  lbs.,  and  with  complex  mineral  manure, 
including  potass,  55*6  lbs. ;  lastly,  with  Bokhara  clover,  5  years,  with 
mineral  manure,  92  lbs.  of  nitrogen,  per  acre  per  annum. 

Thus,  the  annual  yield  of  nitrogen  per  acre,  none  being  supplied 
in  manure,  was  the  least  in  the  cereal  crops,  more  in  the  root-crops, 
and  much  more  still  in  the  leguminous  crops,  whilst  in  a  rotation  of 
crops,  in  which  roots  and  Legumino889  were  interpolated  with  cereals, 
the  annual  yield  of  nitrogen  was  very  much  greater  than  in  cereals 
grown  year  after  year  on  the  same  land. 

But,  an  essential  point  to  remark  is,  that  in  all  the  experiments  on 
arable  land,  whether  with  cereal  crops,  root-crops,  leguminous  crops, 
or  a  rotation  of  crops,  grown  without  nitrogenous  manure,  the  decline 
in  the  annual  yield  of  nitrogen  was  very  great ;  and  this  was  the  case 
even  when  a  full  mineral  manure  was  applied.  Even  with  the  deep- 
rooted  Melihtiia  leucantha  the  crops  of  the  sixth  and  seventh  years 
show  a  considerable  decline  in  yield. 

TJie  Sources  of  the  Nitrogen  of  Crops. 

The  next  question  is — what  are  the  possible  sources,  other  ihan  the 
soil  itself,  of  the  amounts  of  nitiogen  annually  yielded  in  crops  over 
a  giren  area,  when  none  is  supplied  by  manure  ?  This  part  of  the 
subject  was  considered  in  some  detail  in  our  former  paper,  as  it  has 
been  on  previous  occasions.  It  is  only  necessary  here  to  state  very 
briefly  the  general  results  of  these  former  inquiries. 

1.  Combined  Nitrogen  in  JBaw,  ^c. 

In  Liebig's  earlier  writings,  he  assumed  the  probability  of  a  very- 
much  larger  quantity  of  ammonia  coming  down  in  rain  than  he  did 
subsequently,  but  even  in  his  Natural  Laws  of  Hnshandryy  published 
in  1863,  he  concluded  that  as  much  as  24  lbs.  of  nitrogen  per  acre 
may  be  annually  available  to  vegetation  from  that  source.  It  is 
obrinus  tiiat  such  an  amount  would  do  much  towards  meeting  the 
requirements  of  many  of  the  crops  the  yield  of  nitrogen  in  which  has 
been  given  above. 
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In  1852,  Boussinganlt  determined  the  amonnts  of  ammonia  in  the 
rain  collected  in  Alsace  daring  a  period  of  nearly  six  months.  His 
average  amount  of  ammonia  per  million  of  rain  was  somewhat  less 
than  that  found  at  Bothamsted  in  1853,  4,  5,  and  6 ;  with  approxi- 
mately the  same  annual  rainfall  in  the  two  localities.  The  amonnt 
of  combined  nitrogen  fonnd  in  the  BoUiamsted  rain  at  that  time 
corresponded  to  a  deposit  of  about  6  lbs.  as  ammonia,  and  about  fib. 
as  nitrio  acid,  per  acre  per  annum ;  or  in  all  less  than  7  lbs. ;  whilst 
more  recent  determinations  made  at  Bothamsted  lead  to  the  conclu- 
sion that  the  total  amount  of  combined  nitrogen  contributed  in  the 
rain  and  the  minor  measured  aqueous  deposits  probably  does  not 
exceed  5  lbs.  per  acre  per  annum ;  including  that  as  ammonia,  as  nitrio 
acid,  and  in  organic  matter. 

Determinations  of  ammonia  and  nitric  acid  in  the  rain  of  numerous 
localities  on  the  continent  of  Europe  have  been  made,  and  the  mean 
result  for  nine  places,  some  urban  and  some  country,  and  represent- 
ing in  all  the  collection  of  22  yearly  periods,  corresponds  to  an 
average  annual  supply  of  about  10;^  Ib^.  of  combined  nitrogen  per 
acre  per  annum. 

Upon  the  whole,  therefore,  we  are  disposed  to  conclude  that  the 
supply  of  combined  nitrogen  coming  down  in  the  measured  aqueous 
deposits  from  the  atmosphere,  little,  if  at  all,  exceeds  5  lbs.  per  acre 
per  annum,  in  the  open  country,  in  Western  Europe. 

With  records  of  the  amounts  contributed  in  rain  and  the  minor 
aqueous  deposits,  we  come  to  an  end  of  all  quantitative  evidence  as  to 
the  amounts  of  combined  nitrogen  available  to  the  vegetation  of  a  given 
area  from  atmospheric  sources ;  and  it  will  be  seen  that  the  amonnt  so 
available  is  very  far  from  adequate  to  supply  the  quantities  annnally 
yielded  in  different  crops  grown  without  nitrogenons  manure. 

It  la  true  that  the  minor  aqueous  deposits  from  the  atmosphere  are 
much  richer  in  combined  nitrogen  than  rain ;  and  there  can  be  no 
doubt  tbat  there  would  be  more  deposited  within  the  pores  of  a  given 
area  of  soil  than  on  an  equal  area  of  the  non-porons  even  surface  of  a 
rain-gauge.  There  is,  however,  no  evidence  enabling  us  to  estimate 
how  much  may  be  available  from  this  source,  in  addition  to  that 
determined  in  the  collected  aqueous  deposits.  The  quantity  will 
doubtless  vary  according  to  the  character,  and  to  the  temporary 
mechanical  condition,  of  the  soil ;  and  the  quantity  absorbed  and 
retained  may  be  influenced  by  the  character  of  the  vegetation  with 
whicl|  the  land  is  covered.  Still,  such  as  it  is,  the  evidence  at 
command  bearing  on  the  point,  leads  to  the  conclusion  that  the 
amonnts  so  available  are  but  small,  and  quite  inadequate  to  make  up 
the  deficiency  between  the  amounts  supplied  directly  in  rain,  and 
those  yielded  in  the  crops  grown  without  nitrogenous  man  n  re. 
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Other  Supposed  Sources  of  Combined  Nitrogen, 

Among  other  possible  supplies  of  combined  nitrogen  to  the  soil 
from  atmospheric  sources,  it  has  been  supposed  that,  in  the  last  stages 
of  the  decomposition  of  organic  matter  in  the  soil,  hydrogen  is  eyolyed, 
and  that  this  naacent  hydrogen  combines  with  the  free  nitrogen  of  the 
atmosphere,  and  so  forms  ammonia ;  or  that  in  the  oxidation  of 
oiganic  matter  in  the  soil,  there  may  be  an  evolution  of  ozone,  which, 
combining  with  free  nitrogen,  forms  nitric  acid. 

We  have  on  former  occasions  given  reasons  for  concluding  that 
these  supposed  sources  cannot  be  taken  as  accounting  for  the  facts  of 
growth.  Indeed,  such  evidence  as  exists  on  the  point,  even  suppos- 
ing these  actions  take  place  at  all,  leads  to  the  conclusion  that  any 
amounts  of  combined  nitrogen  so  available  must,  like  those  due  to 
direct  condensation  by  the  porous  soil,  be  both  limited  and  in- 
adequate. 

But  if  the  supplies  from  the  atmosphere  to  the  soil  are  inadequate, 
may  not  there  be  direct  supply  from  the  atmosphere  to  the  plant 
itself  P 

Here  again,  the  conclusion  arrived  at,  after  careful  consideration  of 
the  evidence  available  was,  that  even  broad-leaved  plants,  such  as  the 
root-crops  for  example,  which  have  been  assumed  to  absorb  a  con- 
siderable quantity  of  ammonia  from  the  atmosphere  by  their  leaves, 
do  not  derive  any  material  amount  of  their  nitrogen  in  that  way. 

Lastly,  comes  the  question  whether  plants  assimilate  the  free 
nitrogen  of  the  atmosphere,  and  whether  some  descriptions  do  so  in 
a  much  greater  degree  than  others. 

On  this  point  there  is  a  great  deal  of  experimental  evidence  at 
command ;  but  the  results  are  very  conflicting,  and  we  have  concluded 
that  the  balance  of  the  evidence  is  decidedly  against  the  supposition 
that  plants  do  assimilate  the  free  nitrogen  of  the  atmosphere. 

To  recapitulate:  the  amounts  of  combined  nitrogen  annually 
coming  down  in  the  measured  aqueous  deposits  from  the  atmosphere 
in  the  open  country  are  quite  inadequate  to  supply  more  than  a  small 
proportion  of  the  nitrogen  assimilated  by  crops  over  a  given  area, 
when  none  is  supplied  by  manure.  With  regard  to  other  possible  sup* 
plies  of  combined  nitrogen  to  the  soil,  there  is  no  direct  quantitative 
evidence  at  command,  but  such  evidence  as  does  exist  points  to  the 
conclusion  that  such  supplies  are  at  any  rate  very  limited  and  in* 
adequate.  The  same  may  be  said  of  the  supposed  combination  of  the 
free  nitrogen  of  the  air  within  the  soil ;  also  of  the  suppoaition  that 
plants  take  up  any  material  proportion  of  their  nitrogen  from  com- 
bined nitrogen  in  tho  atmosphere  by  their  leaves.    Finally,  ihebQ.lance 
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of  direct  experimental  evidence  is  against  the  supposition  that  plants 
assimilate  the  free  nitrogen  of  the  atmosphere. 

The  Nitrogen  of  the  Soil  as  a  Source  of  the  Nitrogen  of  Crops, 

The  special  ohject  of  our  former  paper,  as  indicated  hy  its  title, 
was  to  record  and  discuss  determinations  of  nitrogen  in  the  soils  of 
some  of  the  experimental  fields  at  Bothamsted,  and  to  show  the 
bearing  of  the  results  on  the  question  of  the  sources  of  the  nitrogen  of 
the  crops  grown. 

When  it  is  borne  in  mind  that  a  difference  in  the  amount  of 
nitrogen  in  the  soil  of  0*001  per  centp  may  represent  a  difEerencd  of 
20  to  25  lbs.  per  acre  in  a  layer  9  inches  deep,  it  will  be  seen  how 
difficult  it  is  to  obtain  results  which  are  applicable  for  estimating  the 
loss  or  g^in  of  the  soil  from  one  period  to  another.  In  our  former 
paper,  these  difficulties  were  considered  in  some  detail,  and  the 
methods  of  collecting  and  preparing  samples  of  soils  for  analysis  were 
described. 

Further,  it  was  concluded  that,  owing  to  the  low  actual  percent'Sge 
of  nitrogen  in  subsoils,  and  to  the  proportionally  great  variation  in 
the  percentage  in  different  samples  taken  from  the  same  plot  and 
to  the  same  depth,  obviously  due  to  natnral  inequalities,  and  uncon- 
nected with  the  special  history  of  the  plot,  it  was  in  most  cases  mis- 
leading to  attempt  to  estimate  changes  in  the  stock  of  the  total 
nitrogen  of  the  soil  beyond  a  comparatively  limited  depth  from  the 
surface — in  fact  very  little  beyond  the  depth  to  which  the  soil  is 
influenced  by  the  mechanical  operations  in  the  case  of  arable  land, 
and  by  active  root-development  in  that  of  grass  land.  Accordingly, 
most  of  our  calculations  of  total  nitrogen  in  the  soil  have  been  limited 
to  that  in  the  first  9  inches  of  depth. 

Although  the  results  of  the  determination  of  total  nitrogen  in  the 
subsoils  of  different  plots  are  thus  inapplicable  for  the  calculation 
of  the  loss  or  gain  of  the  soil  to  any  considerable  depth,  yet  the 
determinations  of  the  amounts  of  nitrogen  existing  as  nitric  acid — 
that  is,  of  nitrogen  in  a  soluble,  and,  so  to  speak,  migratory  condition 
— in  the  subsoils  of  plots  in  different  conditions,  induced  by  cropping 
or  manuring,  have  much  significance.  It  is  a  special  object  of  the 
present  paper  to  bring  forward  the  results  of  new  determinations  of 
nitrogen  as  nitric  acid,  in  soils  and  subsoils  of  known  history,  in 
some  cases  to  the  depth  of  twelve  times  9  inches,  or  in  all  to 
108  inches. 

In  order  that  the  benring  of  these  new  results  on  the  question  of 
the  sources  of  the  nitrogen  of  our  crops  may  be  better  understood,  it 
is  desirable  first  to  summarise  the  results  and  conclusions  of  our 
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former  paper,  l>oth  as  to ,  the  amount  of  total   nitrogen,  and  the 
amounts  of  nitrogen  as  nitric  acid,  found  in  various  soils. 

The  Experimental  WhecU-field  SoiU. — In  the  case  of  the  field  in 
which  wheat  has  now  ^en  grown  year  after  year  from  1844  up  to 
^he  present  time,  samples  of  the  soils  of  many  of  the  plots  were  taken 
in  1865,  after  22  crops  had  been  removed,  and  again  in  1881,  when 
16  more  had  been  taken.  In  these  samples,  the  nitrogen  was 
determined  by  the  soda-lime  method,  and  in  some  of  them  the 
nitrogen  as  nitric  acid  also. 

It  has  been  stated  that  on  the  continuous  wheat-plot  without  any 
manure,  and  on  that  with  mineral,  but  without  nitrogenous  manure, 
there  was  a  marked  decHne  in  the  annual  yield  of  nitrogen  per  acre  in 
the  crops.  The  determinations  of  nitrogen  in  the  soils  showed  that, 
with  this  decline  of  yield  in  the  crops,  there  was  also  a  marked 
reduction  in  the  stock  of  nitrogen  in  the  soils. 

Calculation  further  indicated  that  the  soil  had  lost  nitrogen  in 
amount  corresponding  to  about  two-thirds  the  quantity  removed  in 
the  crops  and  lost  by  drainage.  The  conclusion  was,  that  the  soil 
itself  had  contributed,  at  any  rate  the  greater  part  of  the  nitrogen 
annually  removed  in  the  crop  and  lost  by  drainage.  The  combined 
nitrogen  in  the  rain  -and  minor  aqueous  deposits,  together  with  that 
in  the  seed  sown,  would  supply  most  of  the  remainder.  Thus  there 
was  very  little  to  be  provided  from  all  the  other  possible  sources  taken 
together. 

The  Experimental  Ba/rley-Jield  Seih, — From  some  of  the  plots  in 
the  field  which  has  grown  barley  every  year  from  1852  up  to  the 
present  time,  samples  of  soil  were  taken  in  1868,  and  again  in  1882. 
Between  these  dates  13  barley  crops  had  been  removed.  On  the 
plot  which  had  received  a  complex  mineral  manure  every  year,  but 
no  nitrogen,  the  records  of  average  annual  yield  of  nitrogen  in  the 
crops  showed  a  gradual  decline  over  the  later  years ;  and  the  nitrogen 
determinations  in  the  soils  showed,  as  in  the  case  of  the  wheat  soils,  a 
reduction  in  the  stock  of  nitrogen  in  the  first  9  inches  of  depth. 

The  Experim^ental  Boot-crop  Soil8> — ^With  the  exception  of  3  years 
(1858,  4  and  5),  when  barley  wags  taken  without  manure,  roots  have 
been  grown  on  the  same  land  fitom  1843  up  to  the  present  time. 
Samples  of  the  soil  were  taken  in  1870  only ;  but  then  from  35 
different  plots.  Having  only  taken  samples  once,  the  condition  of 
the  land  at  different  periods  cannot  be  compared.  But,  in  the  case  of 
4  plots,  one  entirely  unmanured,  and  3  with  purely  mineral  manure, 
every  year,  the  percentage  of  nitrogen  in  the  first  9  inches  of  depth 
was  at  that  time,  that  is,  after  27  years  of  experiment,  found  to  be 
lower  than  in  any  other  of  the  experimental  fields;  though  deter- 
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minations  made  in  samples  from  other  parts  of  fhe  same  field,  and 
also  from  an  adjoining  field,  show  mnch  higher  results. 

Now,  the  yield  of  nitrogen  in  the  root-crops  was,  in  the  earlier 
years,  mnch  higher  than,  and  in  the*  later  as  low  as,  in  the  case  of  the 
cereals  ;  and  it  is  qnite  consistent  with  the  conditions  of  soil  known 
to  be  favourable  for  the  g^rowth  of  root-crops,  and  with  the  amount  of 
fibrous  root  they  throw  out  near  the  surface,  that  their  g^rowth  should 
lead  to  a  greater  reduction  in  the  stores  of  nitrogen  of  the  superficial 
layers  than  in  the  case  of  other  crops.  In  fact,  the  conclusion  is, 
that  the  dependence  of  root-crops  for  their  nitrogen  on  the  stores  of 
the  soil  itself,  or  on  supplies  by  manure,  is  as  clearly  established  as  in 
the  case  of  the  cereals. 

The  Nitrogen  of  the  LegvminosoB. 

It  has  been  shown  that  the  leguminous  crops  yield  much  more 
nitrogen  per  acre  than  either  cereals  or  root- crops,  but  that  when 
grown  continuously  without  nitrogenous  manure,  they,  like  the  other 
crops,  decline  in  annual  yield. 

The  Experimefital  Bean-field  Soils, — ^These  experiments  were  com- 
menced in  1847,  and  continued  with  some  breaks  until  1878.  With- 
out manure,  the  yield  of  nitrogen  was  in  the  earlier  years  much 
higher  than  in  the  cereals ;  but  it  declined  very  much,  and  in  the 
later  years  it  was  as  low  as  in  the  cereals.  With  mixed  mineral 
manure,  including  potash,  the  yield  was  throughout  much  higher,  but 
still  the  decline  was  very  great.  In  1857,  and  in  1865,  samples  of  the 
soils  of  some  of  the  plots  were  taken,  and  in  1883  of  a  g^*eater  number. 
Confining  attention  to  the  unmanured  and  mineral  manured  plots, 
that  is  to  the  plots  to  which  no  nitrogenous  manure  has  been  supplied, 
the  soils  show  a  very  distinct  reduction  in  total  nitrogen  in  the  first 
9  inches  of  soil. 

The  Experimental  Olover'land  Soile, — An  attempt  was  made  to  grow 
clover  many  years  in  succession  on  the  same  land,  the  experiment 
commencing  in  1849,  and  ending  in  1877,  that  is,  extending  over  a 
period  of  29  years.  In  the  early  years,  some  g^od  crops  were  ob- 
tained, and  small  cuttingps  at  intervals  afterwards ;  but  the  plant  very 
frequently  died  off  in  the  winter  and  spring  succeeding  the  sowing  of 
the  seed,  so  that  only  8  years  have  yielded  clover.  In  1  year  wheat, 
and  in  5  barley,  was  taken ;  and  in  12  years  the  land  remained  fallow. 

Notwithstanding  that  so  few  crops  of  clover  were  produced,  that 
6  gprain  crops  were  grown,  and  that  the  land  was  many  years  prac- 
tically fallow,  the  effect  of  the  interpolation  of  the  clover  was  to 
increase  the  average  annual  removal  of  nitrogen  from  the  land  con- 
siderably beyond  that  obtained  in  cereals  grown  continuously. 
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In  1881,  samples  were  taken  from  the  clover  plots  in  5  places 
where  no  nitrogen  had  been  applied ;  and  determinations  of  nitrogen 
'in  them  showed  nearly  as  low  a  percentage  in  the  first  9  inches  of 
depth,  as  in  the  soil  of  an  adjoining  plot  which  had  been  30  years 
under  alternate  wheat  and  fallow  without  any  manure,  and  as  in  the 
soil  of  the  exhausted  root-crop  land. 

It  is  significant  that,  after  good  crops  of  clover  in  the  early  years, 
when  the  land  was  in  ordinary  condition,  but  constant  failure  after- 
wards, the  percentage  of  nitrogen  in  the  surface  soil  should  be  nearly 
as  low  as  with  alternate  wheat  and  fallow  without  manure. 

In  an  immediately  adjoining  field,  after  6  grain  crops  had  been 
grown  in  succession  by  artificial  manure,  the  land  was  divided,  and, 
in  1878,  on  one  half  clover  (sown  in  the  spring  of  the  previous  year), 
and  on  the  other  half  barley,  was  grown.  In  the  clover  crops 
151*3  lbs.,  and  in  the  barley  only  37-3  lbs.  of  nitrogen  were  removed  ; 
yet,  in  the  next  year  (1874),  barley  being  grown  on  both  portions,  the 
one  from  which  151*3  lbs.  of  nitrogen  had  be<^n  removed  in  clover 
yielded  69'4  lbs.  in  barley,  whilst  the  one  from  which  only  37*3  Ibo. 
had  been  removed  in  the  barley  yielded  only  39*1  lbs.  in  barley 
again. 

In  October,  1873,  after  the  clover  and  barley  had  been  removed, 
samples  of  soil  were  taken  from  10  places  on  each  portion;  and 
determinations  showed  that  there  was  a  considerably  higher  per- 
centage of  nitrogen  in  the  first  9  inches  of  the  clover  land  than  to  the 
same  depth  of  the  barley  land.  This  result,  and  the  increased  crop 
of  barley  succeeding  the  clover,  are  quite  consistent  with  what  is 
known  of  the  influence  of  m  clover  crop  as  a  preparation  for  a  suc- 
ceeding cereal  one.  But  the  actual  amount  of  gain  of  nitrogen 
indicated  in  the  surface  soil  was  greater  than  the  amount  removed  in 
the  clover  crops,  which  it  seems  difficult  to  suppose  would  be  the 
case;  though  comparative  samples  were  again  taken  4  years  later, 
and  these  also  showed  a  higher  percentage  in  the  clover  soil. 

It  is  obvious  that  the  clover,  and  the  surface  soil  of  the  clover 
ground,  had  gained  nitrogen  either  from  the  atmosphere  or  the  sub- 
soil ;  nor  do  the  facts  of  the  experiment  afford  evidence  of  the  source 
of  the  nitrogen.  There  is,  however,  nothing  in  fiivour  of  the  view 
that  the  atmosphere  is  the  source,  excepting  that  an  explanation  is 
needed ;  whilst  it  will  be  seen  further  on  that  there  is  direct  evidence 
that  the  nitrogen  of  the  soil  is  at  any  rate  the  source  of  much  of  the 
nitrogen  of  the  Leguminossd. 

In  view  of  the  signal  failure  of  clover  on  the  nitrogen-exhausted 
arable  soil,  it  is  of  much  interest  that  lai^,  but  still  declining  crops, 
have  been  grown  on  a  small  plot  of  rich  kitchen-garden  gi-ound  for 
31  years  in  succession. 
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Tbe  experiment  was  commenced  in  1854.  Samples  of  soil  were 
taken  in  October,  1857,  and  in  May,  1879,  that  is,  with  an  interval 
of  21  seasons  of  growth.  In  1857,  only  one  sample  was  taken,  and 
only  to  tbe  depth  of  9  inches ;  but  in  1879  three  were  taken,  in  each 
case  to  the  depth  of  twice  9,  or  18  inches. 

In  1857,  the  first  9  inches  of  soil  showed  more  than  0*5  per  cent,  of 
nitrogen,  or  nearly  5  times  as  mnch  as  the  exhausted  arable  soil  in 
which  cloTcr  would  not  grow.  It  is  tme  the  garden  soil  woald  also 
be  rich  in  all  other  constituents ;  but  some  portions  of  the  arable  soil 
where  the  cloyer  failed  had  received  much  more  of  mineral  con- 
s^atnents  by  manure  than  had  been  removed  in  the  crops. 

The  determinations  of  nitrogen  made  in  the  three  1879  samples  of 
soil  agreed  very  well,  and  they  showed  a  reduction  of  29  per  cent,  of 
the  total  nitrogen  of  the  first  9  inches  of  soil  since  1857.  The  reduc- 
tion corresponded  to  a  loss  of  2732  lbs.  per  acre  in  the  first  9  inches 
of  depth  during  the  21  years ;  and  it  is  to  be  remarked  that  with  this 
g^reat  reduction  in  the  stock  of  nitrogen  in  the  soil  there  has  also  been 
a  g^reat  Mling  of!  in  the  clover-growing  capability  of  the  soil,  though 
mineral  manures  have  from  time  to  time  been  applied  to  a  portion  of 
the  plot. 

As  nearly  as  can  be  estimated,  the  yield  of  nitrogen  in  the  clover 
crops  corresponded  to  about  200  lbs.  per  acre  per  annum  over  the 
21  years ;  whilst  the  estimated  loss  of  nitrogen  by  the  first  9  inches 
of  soil  is  about  130  lbs.  per  acre  per  annum ;  corresponding  approxi- 
mately to  two-thirds  of  the  amount  removed  in  the  crops.  There  is, 
however,  reason  to  suppose  that  in  the  case  of  soils  to  which  excessive 
amounts  of  farmyard  manure  are  applied,  there  may  be  a  loss  by  the 
evolution  of  free  nitrogen,  and  so  far  as  this  may  have  occurred  in 
this  garden  soil,  there  will  be  the  less  of  the  loss  to  be  credited  to  the 
growing  clover.  On  the  other  hand,  in  1879,  that,  is,  at  the  end  of 
the  period  under  consideration,  the  second  9  inches  of  depth  showed 
about  three  times  as  high  a  percei:tage  as  the  subsoils  of  the  arable 
fields,  and  even  nearly  twice  as  high  a  percentage  as  the  surface  soil 
of  the  field  where  the  clover  had  so  frequently  failed.  It  cannot  be 
doubted,  therefore,  that  the  subsoil  of  the  garden  plot  had  contributed 
to  the  yield  of  nitrogen  in  the  clover. 

There  is,  in  fact,  in  the  results  of  this  experiment  on  a  rich  garden 
soil,  if  not  absolute  proof,  certainly  very  strong  ground  for  con- 
clading,  that  much,  and  perhaps  the  whole,  of  the  nitrogen  of  the 
80  years  of  luxuriant  clover  crops  was  derived  from  the  stores  of 
nitrogen  of  the  soil  itself — supplemented  only  by  the  small  amount  of 
combined  nitrogen  annually  coming  down  in  the  measurable  aqueous 
deposits,  and  that  condensed  within  the  pores  of  the  soil. 

The  Saperimenial  Mi^ed  Herbage  Soils, — Over  a  period   of    20 
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years,  tlie  mixed  herbage  of  permanent  grass  land  yielded  an  average 
of  33  lbs.  of  nitrogen  per  acre  per  annum  without  manure,  and  55*6  lbs. 
with  a  mixed  mineral  manure,  containing  potash,  but  no  nitrogen. 
Whence  comes  the  increased  amount  of  22'6  lbs.,  under  the  influence 
of  the  purely  mineral  manure  ?  In  1870,  that  is  after  20  crops  had 
been  removed,  samples  of  the  soils  were  taken,  and  the  nitrogen 
determined  in  them.  Calculated  per  acre,  the  results  indicated  that 
the  first  9  inches  of  depth  of  the  mineral-manured  plot  contained,  at 
the  end  of  the  20  years,  506  lbs.  less  nitrogen  than  the  unmanured 
plot  to  the  same  depth ;  corresponding  to  an  annual  reduction  of 
25*3  lbs.  of  nitrogen,  against  22*6  lbs.  per  acre  per  annum  more 
yielded  in  the  crop.  The  coincidence  is  very  remarkable ;  and  the 
result  can  certainly  leave  little  doubt  that  the  increased  amount  of 
nitrogen  in  the  crops  had  its  source  mainly,  if  not  exclusively,  in  the 
surface  soil. 

In  tbe  case  of  the  large  crops  of  clover  growing  on  the  ordinary 
arable  soil,  it  was  assumed  that,  so  far  as  the  nitrogen  was  derived 
from  the  soil,  it  was  mainly  from  the  subsoil ;  but  in  the  case  of  the 
clover  on  the  rich  garden  soil  it  was  concluded  that  it  came  largely 
from  the  upper  layers;  and  here  again,  in  the  case  of  the  mixed 
herbage,  it  is  supposed  that  the  increased  yield  is  derived  from  the 
surface  soil.  In  the  first  place,  the  surface  soil  of  the  garden  ground 
was  about  four  times,  and  that  of  the  grass-land  about  twice  as  rich 
as  that  of  the  arable  land.  Further,  it  is  known  that  clover  growing 
on  ordinary  arable  soil  throws  out  much  deep  root.  Then,  again, 
although  in  the  case  of  the  mixed  herbage  experiment  there  was  a 
considerable  increase  in  the  amount  of  leguminous  herbage  under  the 
influence  of  the  mineral  (potash)  manure,  it  was  chiefly  of  the 
Lathyrtu  pratensiSy  which  throws  out  a  very  large  amount  of  root 
near  the  surface.  There  was  also,  in  the  later  years,  a  considerable 
increase  in  the  amount  of  gramineous  herbage,  more  than  would  be 
expected  under  the  direct  influence  of  mineral  manures,  judging  from 
their  effects  on  the  cereals  on  ordinary  arable  land.  But,  in  the 
mixed  herbage  experiment  the  increase  of  the  grasses  did  not  take 
place  at  all  prominently  until  after  an  increased  growth  of 
LeguminosaB ;  the  surface  soil  of  the  grass  land  was  about  twice  as 
rich  in  nitrogen  as  ordinary  arable  soil ;  and  the  grasses  developed 
were  characteristically  surface-rooting  species. 

The  Melilotus  leueaiUha,  and  Trifolium  repensj  Soils. — On  the  arable 
soil  on  which  red  clover  had,  for  many  years,  entirely  failed  to  grow,  and 
the  percentage  of  nitrogen  in  the  surface  soil  had  been  reduced  to 
a  very  low  point,  the  deep-rooted  Melilotus  grew  very  luxuriantly  for 
several  years.  The  seventh  crop  in  succession  has  now  been  taken. 
The  heaviest  crop  was  obtained  in  the  fifth  year,  1882 ;  its  contents  of 
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nitrogen  was  between  140  and  150  lbs.  per  acre ;  and  the  average  yield 
over  the  five  years  was  about  92  lbs.  In  the  sixth  and  seventh 
years  the  produce  has  been  less ;  and  less  than  on  a  second'  plot  on 
which  the  same  plant  was  grown  for  the  first  time  in  the  sixth  year. 
This  result  is  indication  that  the  growth  is  failing  on  the  original 
plot.  Still,  the  average  yield  of  nitrogen  per  acre  in  this  strong  and 
deep-rooted  plant,  on  soil  where  the  much  less  powerful,  yet  still 
deep  rooted  red  clover  had  entirely  failed  for  many  years,  was  over 
the  7  years  between  70  and  80 'lbs.  per  annum ;  whilst,  side  by  side 
with  it,  both  red  and  white  clover,  growing  under  exactly  similar  con- 
ditions of  soil  and  season,  yielded  scarcely  any  produce  at  all. 

After  the  removal  of  the  very  heavy  crop  of  Melilotus  in  the  fifth 
year,  1882,  samples  of  soil  were  taken  from  the  Melilotus  and  the 
white  clover  plots,  to  the  depth  of  6  times  9,  or  54  inches. 

For  reasons  already  stated,  the  determinations  of  total  nitrogen  in 
subsoils  are  not  applicable  for  calculations  of  the  comparative  condi- 
tion of  the  two  plots  in  that  respect.  But  the  following  facts  are  of 
much  significance.  Determinations  of  moisture  in  the  soils  and 
subsoils,  at  each  of  the  six  depths,  showed  much  less  water  remaining 
in  the  Melilotus  than  in  the  white  clover  soils ;  and  the  difference  was 
by  far  the  greater  at  the  lower  depths.  Calculated  per  acre,  it  would 
appear  that  the  Melilotus  soil  had  lost  to  the  depth  of  54  inches, 
540  tons  more  water  than  the  white  clover  soil,  and  the  action  had 
doubtless  extended  lower  still. 

Thus  the  plant  whose  habit  of  growth,  and  especially  whose  range, 
and  feeding  capacity,  of  root,  enabled  it  to  take  up  much  more  water, 
and  doubtless  much  more  food,  from  the  subsoil  than  the  plant  of 
weaker  habit  and  more  restricted  root- development,  assimilated  a 
much  larger  amount  of  nitrogen  over  a  given  area,  and  a  legitimate 
inference  is  that  it  had,  in  some  way,  derived  more  nitrogen,  as  well 
as  water  and  other  constituents,  from  the  subsoil.  Further  evidence 
will  be  given  on  this  point. 

Nitrogen  as  Nitric  Acid  in  Various  Soils  and  Subsoils. 

We  now  come  to  the  consideration  of  evidence  of  another  kind 
bearing  upon  the  question  of  the  soil-source  of  the  nitrogen  of  our 
crops.  It  is  in  reference  to  this  part  of  the  subject  that  we  have  new 
and  important  results  to  communicate,  but  it  will  be  desirable  first  to 
refer  briefly  to  those  which  have  already  been  published. 

In  the  first  place  it  should  be  stated  that  the  water  passing  through 
three  drain-gauges,  containing  respectively  20,  40,  and  60  inches 
depth  of  unmannred  and  uncropped  soil,  and  exposed  to  receive  the 
rainfall,  contained,  taking  the  average  of  several  consecutive  years, 
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nitrogen  as  nitric  acid  corresponding  to  about  40  lbs.  of  nitrogen  per 
acre  per  annnni.  Of  this,  perhaps  not  much  more  tban  5  lbs.,  and 
pretty  certainly  less  tban  10  lbs.,  would  be  due  to  combined  nitrogen 
in  rain,  and  condensed  by  the  soil  from  the  atmosphere.  There  would 
thus  be  from  30  to  35  lbs.  annually  due  to  the  nitrification  of  the 
nitrogenous  matter  of  these  unmanured  soils. 

The  following  Table  (p.  392),  shows  the  amounts  of  nitrogen  as 
nitric  acid,  found  to  specified  depths,  in  soils  under  known,  and  for 
the  most  part  strictly  comparable,  conditions. 

In  the  first  experiment,  the  land  had  been  under  rotation  for  many 
years,  with  no  other  manure  than  superphosphate  applied  every  fourth 
year;  that  is  for  the  root-crop  commencing  each  course  of — ^roots, 
barley,  beans  or  fallow,  and  wheat.  The  samples  of  soil  were  taken 
from  parallel  plots,  the  dilPerence  between  the  two  being  that  one  had 
grown  beans,  and  the  other  had  been  fallow.  It  will  be  seen  that, 
^own  to  the  depth  of  18  inches,  the  bean-soil  contained  25*8  lbs.  less 
nitrogen  as  nitric  acid  than  the  fallow  soil. 

In  the  second  experiment,  the  land  received  both  mineral  and  nitro- 
genous manure  at  the  commencement  of  each  rotation,  and  here,  three 
years  after  the  manuring,  there  was  more  nitrogen  as  nitric  acid 
found,  to  the  depth  of  18  inches,  than  on  the  superphosphate  plot ; 
but  28*3  lbs.  loss  after  the  growth  of  beans  than  after  fallow. 

In  the  third  experiment,  the  manuring  was  the  same  as  in  the 
second,  the  samples  were  taken  at  the  same  period  of  the  rotation,  four 
years  later,  and  to  the  depth  of  27  inches,  instead  of  only  18.  Here 
there  were  40'3  lbs.  less  nitrogen  as  nitric  acid,  to  27  inches  of  depth, 
after  clover  than  after  fallow. 

In  these  three  experiments,  there  is  pretty  clear  evidence  that  the 
leguminons  crops,  beans  and  clover,  had  taken  up  nitrogen  as  nitric 
acid  fix>m  the  soil. 

The  fourth  experiment  has  reference  to  land  which  bad  been 
alternately  in  wheat  and  fallow,  without  .any  manure,  for  nearly  30 
years.  The  samples  of  soil  taken  after  the  removal  of  the  wheat  show 
very  little  nitrogen  as  nitric  acid  in  the  first  9  inches  of  depth,  and 
only  traces  in  the  second  9  inches ;  and  to  the  depth  of  18  inches  there 
were  31*1  lbs.  less  than  in  the  land  that  had  been  left  fallow.  It  is 
seen  how  completely  the  wheat  had  exhausted  the  upper  layers  of  tbe 
soil  of  their  nitric  acid. 

The  fifth  and  sixth  divisions  of  the  Table  show  the  amounts  of 
nitrogen  as  nitric  acid  found  in  the  autumn,  to  the  depth  of  27  inches, 
in  soils  under  ordinary  conditions  as  to  manuring  and  cultivation,  after 
having  been  left  fallow  since  the  harvest  of  the  previous  year.  The 
quantities  still  remaining  within  that  depth  correspond  to  not  much 
less  than  60  lbs.  per  acre. 
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Tablb  L 
Nitrogen  as  Nitric  Acid,  in  various  Soils  at  Bothamsted. 


PrenoiiB  cropping  and 
manuring. 

Nitrogen  as  nitric  acid,  per  acre,  lbs. 

Firrt9 
inohee. 

Second  9 
inches. 

Third  9 
inches. 

Total. 

Botdtion  (Superphosphate);  Agdell  Fields  Sept.  1878. 

Fallow 

22*3 
7*2 

14*0 
8*8 

*. 

86*3 

Beans  . 

10*5 

IMfferenoe .... 

15  1 

10-7 

— 

25*8 

Rotatimh  (Full  Manure) ;  Agdell  Field,  Sept.  1878. 

Fallow 

80*0 
12  1 

18*8 
8-4 

— 

48*8 

Beans  • 

20*5 

Difference .... 

17-9 

10-4 

— 

28*3 

Botaium  (Full  Manure)  ;  Agdell  Field,  Sept.  1882. 

Fallow 

40*1 
11*4 

14*3 

4*8 

5*5 
8*4 

59*9 

Clorer  • 

19*6 

Difference .... 

28-7 

9*5 

2  1 

40-8 

Wheat  and  Fallow  (Unmanured)  ;  Hoosfield,  Sept.  1878. 

Fallow 

28-5 
2-6 

5-2 

trace 

— 

•    83  7 

Wheat 

2*6 

Difference.. .. 

25-9 

5-2 

— 

81  1 

Ordinary  Ouliivation ;  Olaycroft  Field,  Oct.  1881. 

Fallow. ........  r  t . ...  T . 

16*4 

26-5 

15*9 

58*8 

Ordinary  Cultivation;  Foster's  Field,  Oct.  1881. 

Fallow 

14*6 

24*6 

17-8 

56-5 
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Lastl7,  in  the  experiment  in  whicb  yaorioas  leguminous  plants  were 
grown  on  the  land  on  which  red  clover  had  so  persistently  failed, 
samples  of  soil  were  taken  to  the  depth  of  6  times  9  inches  after 
the  removal  of  the  very  heavy  crop  of  Melilotus  leticantha,  and  of  the 
very  meagre  crop  of  white  clover,  in  1882.  At  each  depth,  the 
Melilotns  soil  contained  less  nitrogen  as  nitric  acid  than  the  white 
clover  soil.  It  will  he  remembered  that  the  Melilotns  subsoil  had 
lost  very  much  more  water  than  the  white  clover  soil ;  and,  excluding 
the  first  9  inches  of  depth,  the  reduction  in  the  nitrogen  as  nitric  acid 
was  greater  at  the  lower  depths.  In  all,  to  the  six  depths,  the  Melilotns 
soil  contained  17'8  lbs.  less  nitric  nitrogen  than  the  white  clover  soil. 

There  is  here  pretty  direct  evidence  that  the  nitrogen  as  nitric  acid 
within  the  soil  has  been  the  source  of  at  any  rate  some  of  the  increased 
nitrogen  of  the  Melilotns  ;  though  the  quantity  indicated  is  quite 
inadequate  to  account  for  the  large  amount  of  the  increased  yield. 
But  the  formation  and  the  distribution  of  nitric  acid  within  the  soil 
are  so  dependent  on  the  temporary  conditions  of  temperature, 
moisture,  and  growth,  that  it  is  not  to  be  expected  that  the  amount 
found  at  anyone  time  should  account  for  the  requirements  of  growth. 
Then,  the  action  would  doubtless  extend  deeper  than  is  represented  by 
the  samples  taken.  It  was  suggested  in  the  former  paper  that,  with 
the  strong  and  deeply  distributing  roots,  the  drawing  up  of  water, 
and  the  greater  disintegration  and  aeration  accordingly,  nitrification 
would  probably  bo  favoured  in  the  lower  layers,  and  that,  if  so,  the 
supply  would  in  a  sense  be  cumulative.  It  was  also  suggested 
whether  some  of  the  nitrogen  of  the  plant  might  not  be  taken  up  from 
the  subsoil  in  other  forms  than  that  of  nitric  acid.  These  points 
will  be  further  elucidated  in  the  course  of  the  discussion  of  the  new 
results. 

The  New  Results. 

Nitrogen  as  Nitric  Acid  in  Various  Experimental  Soils  and  Subsoils  at 

Bothamsted, 

■  We  now  come  to  the  consideration  of  new  determinations  of  nitro. 
gen  as  nitric  acid  in  various  soils  and  subsoils.  The  determinations 
of  nitric  acid  were  made  by  Mr.  D.  A.  Louis,  by  Schlosing's  method, 
as  nitric  oxide,  by  the  reaction  with  ferrous  chloride. 

Towards  the  end  of  July,  1883,  after  the  removal  of  the  crops, 
samples  of  soil  were  taken,  not  this  time  from  the  Melilotus  plot,  but 
from  two  Vicia  sativa  plots,  and  from  one  Trifolium  repens  plot,  in 
each  case  to  the  depth  of  12  times  9  inches,  or  in  all  to  the  depth  of 
108  inches.  Both  the  Vicia  sativa  plots  gave  fairly  luxuriant  crops, 
but  there  was  no  plant  at  all  on  the  white  clover  plot.  Saniples  of 
soil  were  also  taken  at  the  same  time,  and  to  the  same  depths,  from 
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tbe  immediatelj  adjoining  nnmanared  alternate  wlieat  and  fallow 
land,  from  the  portion  whicli  biad  been  fallow  Rince  tbe  harvest  of  the 
previons  year. 

Tbe  following  table  (p.  395)  shows  the  amounts  of  nitrogen  as 
nitric  acid,  calculated  per  acre,  at  each  depth  in  the  wheat- fallow  land, 
in  the  Trifvlium  repens  plot,  and  in  each  of  the  two  Vicia  sativa  plots. 
It  also  shows  the  amounts,  at  each  depth,  more  or  less  in  the  legumi- 
nous plot  soils  than  in  the  wheat-fallow  soil ;  and  the  amounts  more 
or  less  in  tbe  Vicia  sativa  soils  which  yielded  good  crops,  than  in 
the  TrifoUum  repens  soil  which  gave  no  crop. 

In  the  case  of  the  wheat-fallow  land,  samples  were  taken  at  four 
places ;  and  the  figures  given  in  the  table  are  calculated  from  the 
results  of  determinations  made  in  a  mixture  of  the  soils  from  the  four 
boles,  for  each  corresponding  depth.  In  the  case  of  each  of  the  legu- 
minous crop  plots,  samples  were  taken  at  two  places ;  and,  as  in  the 
case  of  the  wheat-fallow  plot,  determinations  of  nitric  acid  were  first 
made  in  a  mixture  of  the  samples  from  the  two  holes  for  each  depth, 
but  afterwards  in  the  sample  from  each  separate  hole ;  and  the  results 
given  for  each  depth  are  calculated  from  the  mean  of,  first,  tbe 
average  of  the  determinations  made  in  the  samples  from  the  indi- 
vidual holes,  and,  secondly,  of  the  determinations  made  in  the  mix- 
ture from  the  two  holes.  Considerable  differences  were,  in  some  cases, 
found  in  the  amount  of  nitrogen  as  nitric  acid  in  the  separate  samples 
from  the  same  plot  at  corresponding  depths  ;  and  these  were  found  to 
be  associated  with  great  differences  in  the  character  of  the  subsoils, 
as  to  the  proportions  of  clay,  gravel,  sand,  Ac,  and  with  these,  dif- 
ferences in  the  amounts  of  water,  total  nitrogen,  &c.  But  whether 
the  results  for  the  individual  holes,  or  for  the  two,  be  adopted,  there 
is  the  same  characteristic  difference  between  plot  and  plot,  as  to  their 
contents  of  nitrogen  as  nitric  acid ;  that  is  to  say,  it  is  always  very 
decidedly  in  the  same  direction,  differing  only  more  or  less  as  to 
amount. 

The  first  point  of  comparison  that  it  is  important  to  call  atten- 
tion to  is  the  very  marked  difference  between  the  amounts  of  nitro- 
gen as  nitric  acid  in  the  wheat-fallow  land  and  in  the  TrifoUum 
repens  land. 

At  each  depth,  from  the  first  to  the  twelfth,  that  is  down  to 
108  inches  in  all,  the  TrifoUum  repens  land  contains  much  more 
nitrogen  as  nitric  acid  than  the  wheat-fallow  land. 

Tbe  two  plots  are  absolutely  adjoining  in  the  same  field.  The  one 
plot  has  been  alternately  wheat  and  fallow,  without  any  manure,  since 
1850,  or  for  more  than  30  years.  The  other  was  sown  with  red 
clover  12  times  during  the  30  years  1848 — 1877  ;  in  8  out  of  the  la«3t 
10  trials,  the  plant  died  off  in  the  winter  or  spring  succeeding  the 
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Table  II. 

Nitrogen  as  Nitrio  Acid,  per  acre,  lbs.,  in^tbe  Soils  and  Sabsoils  of  some  Experi- 
mental Plots,  without  Nitrogenous  Manure  for  more  than  80  years. 

Hoosfield,  Bothamsted.      Samples  Collected  July  17-26,    1883. 


Wheat- 
fallow 
land,  un- 
manured. 

Series  1.  Mineral  manures. 

+  or  —  wheat  land. 

+  or  -  Tri- 
folium repens. 

Depths. 

Trifolium 
rn>enB. 
Plot  4. 

Vicia 
satira. 
Plot  4. 

Vicia 
sativa. 
Plot  6. 

Trifolium 
repens. 
Plot  4. 

Vicia 
satiya. 
Plot  4. 

Vicia 
sativa. 
Plot  6. 

Vicia 
sativa. 
Plot  4. 

Vida 
sativa. 
Plot  6. 

inches. 

1—9 

10—18 

19—27 

lbs. 
19-85 
8-05 
2-47* 

lU. 
30-90 
27-73 
8*44 

lbs. 
12  16 
4-11 
1-37 

lbs. 
10-22 
2-72 
1-08 

lbs. 
+ 11  -05 
+  19-68 
+  5-97 

lbs. 
-7*69 
-3-94 
-110 

lbs. 
-9*63 
-5-83 
-1-89 

lbs. 
-18*74 
-23-62 
-  7-07 

lbs. 
-20-68 
-25 -OX 
-  7-36 

28-36 
87—45 
46—54 

2-70 
1-62 
3-57 

7-64 
9  07 

8-77 

1-67 
4*58 
6*37 

1-52 
2*51 
4*42 

+  4-94 
+  7-45 
+   6-20 

-1-03 
+  2-96 
+  2-80 

-1-18 
+  0-89 
+  0-85 

-  5*97 

-  4-49 

-  2-40 

-  6  12 

-  6-66 

-  4-86 

65—63 
64—72 
73—81 

3-84 
2-28 
1-48 

7-92 
8-34 
8-27 

7-16 
5-95 
4*54 

4*52 
4-92 
4-81 

+  408 
+  6*06 
+   6-79 

+  3*32 
+  3-67 
+  306 

+  0-68 
+  2-64 
+  3-33 

-  0-76 

-  2-89 

-  3-73 

-  8-40 
-3-42 

-  3-46 

82-90 

91—99 

100—108 

1-76 
2*94 
1-84 

9-95 
916 
9-61 

6-32 
6*66 
6  32 

514 
6-40 
6-46 

+  8  19 
+  6-22 

+  7*67 

+  3*56 

+  2-72 
+  3-48 

+  338 
+  3-46 
+  4*62 

-  4-63 

-  8-50 

-  4  19 

-  4-81 

-  2-76 

-  3-05 

Summary, 

X 

1—27 
28—54 
65-81 
82—108 

30-37 
7*89 
7-60 
6*54 

67  07 
25-48 
24-53 
28-62 

17-64 
12-62 
17-65 
16*30 

14*02 

8*45 

14*25 

18  00 

+  36-70 
+ 17  -59 
+ 16  -93 
+  22-08 

-12-73 
+  4-73 
+ 10  -05 
+  9*76 

-16-35 
+  0-56 
+  6-65 
+  11-46 

-40-43 
-12-86 
-  6-88 
-12-82 

-53-05 
-170C 
-10-28 
-10-62 

1—54 
65—108 

38*26 
14*14 

92*55 
53  15 

30-26 
33*95 

22*47 
82*25 

+  54-29 
+  39-01 

-  8*00 
+ 19  81 

- 16  -79 
+  18  11 

-62-29 
-19*20 

-70*08 

-20 -9a 

1—18 
19—108 

27-90 
24*50 

58-63 
87  07 

16-27 

47*94 

12-94 
41*78 

+  30  -73 
+  62-57 

-11*63 
+  23*44 

-14-96 
+  17-28 

-42-36 
-39*13 

-45-69 
-45-29 

1—108 

62*40 

1^-70 

64*21 

54*72 

+  93-80 

+  11*81 

+  2-82 

-81-49 

-90-98 

*  According  to  the  determinations  on  the  mixture  from  the  four  holes,  the  result  was  10*24 
lbs.,  but  this  being  obviously  too  high,  detenninations  were  made  in  the  samples  from  each  of  the 
four  holes  separatelj,  when  the  amount  indicated  in  the  third  was  found  to  be  so  abnormallj' 
high  (»25-9  lbs.)  as  to  leave  no  doubt  that  there  had  been  accidental  oontaminattoii  of  the 
sample,  and  the  results  for  the  three  other  holes  have  accordingly  been  adopted. 
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sowing  of  the  seed,  in  4  of  these  without  giving  any  crop,  and  in 
the  other  four  onlj  very  small  cnttings ;  and  during  the  30  years, 
consequent  on  the  failure  of  the  clover,  1  crop  of  wheat  and  5  of 
barley  have  heen  taken,  and  the  land  was  12  years  fallow.     White 
clover  (TrifoUum  repens)  was  then  sown  in  1878,  1880,  1881,  and 
1883.     A  small  cutting  was  obtained  in  1879,  very  small  ones  were 
taken  in  1880  and  1881,   and  a   small  one   in   1882,   but  none  in 
1883,  so  that  the  land  was  practically  fallow  when  sampled.     The 
plot  had  not  received  any  nitrogenous  manure  for  about  35  years. 
This  and  the  other  leguminous  plant  plots  had,  however,  from  time 
to  time  received  mineral  manures,  containing  phosphoric  acid  and 
potash,  whilst  the  wheat  land  had  not.     It  is  known  that  potash 
manures  favour  the  growth  of  Leguminosoe,  and  in  the  case  of  the  soils 
of  pasture  land,  the  surface  of  which  is  much  richer  in  nitrogen  than 
that  of   ordinary  arable  soil,  there  is   evidence  that  the  increased 
amount  of  nitrogen  taken  up,  both  by  the  Gramineso  and  the  Legumi- 
no8»,  under  the  influence  of  the  potash  manure,  is  derived  from  the 
rich  surface  soil  itself,  and  probably  as  nitric  acid.     Of  course,  if 
phosphoric    acid   and  potash  in   available  condition  were  deficient, 
their  application  would  of  itself   enhance   the  rate  of   nitrification 
even  in  an  arable  soil  poor  in  nitrogen ;  but  the  extremely  limited 
effect  of  such  manures  when  applied  to  such  soils  for  the  growth  of 
cereals,  points  to  the  conclusion  that  little  if  any  of  the  e^ess  of 
nitrogen  as  nitric  acid  in  the   TrifoUum  ropens  land,  comparecKwith 
that  in  the  wheat-fallow  land,  is  to  be  attributed  to  the  action  of  the 
phosphoric  acid  and  potash  independently  of  the  growth  of  the  Legu^ 
niino8<B. 

Lastly,  in  March,  1881,  and  again  in  July,  1883,  the  surface  soil 
of  both  plots  was  found  to  be  very  low  in  nitrogen  ^determinable  by 
soda-lime;  that  of  the  clover-land  containing  not  much  more,  and 
that  of  the  wheat-fallow  land  rather  less,  than  O'l  per  cent.     Accord- 
ing to  the  figures,  the  legaminous  crop  soils  contained  from  400  to 
500  lbs.  more  combined  nitrogen  per  acre  in  the  first  9  inches  of 
depth  than  the  wheat-fallow  soil.     To  the  total  depth  of  108  inches, 
the  plots  show  an  average  of   not  much   less   than   20,000  lbs.  of 
combined  nitrogen  per  acre ;  excepting  that  the  Vicia  sattva  plot  6 
shows  considerably  less  than  the  others,  owing  to   the  sandy  and 
gravelly  character  of  the  samples  of  its  subsoil  at  the  lower  depths, 
whilst  the  TrifoUum  repens  soil,  the  samples  of  which  were  more 
clayey,  shows  the  highest  of  the  series. 

Thus,  independently  of  the  application  of  mineral  manures  to  the 
leguminous  plant  plots,  the  characteristic  difference  in  the  history  of 
the  two  plots  now  under  consideration  is — that  the  one  had  grown  a 
gramineous  crop  alternately  with  fallow  for  more  than  80  years,  and 
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ihe  other  had,  during  the  same  period,  grown  six  gramineons  crops, 
and  frequently  been  fallow,  but  it  had  been  sown  12  times  with  red 
clover,  and  during  the  immediately  preceding  six  years  4  times  with 
white  clover.  That  is  to  say,  the  chief  distinction  is,  that  the  one  had, 
from  time  to  time,  especially  in  the  earlier  and  later  years,  grown  a 
leguminous  crop,  whilst  the  other  had  not ;  and  the  leguminous  crop 
soil  is  found  to  contain,  down  to  the  depth  of  108  inches,  nearly 
three  times  as  much  nitrogen  as  nitric  acid  as  the  gramineous  crop 

soil. 

The  difference  is  much  the  greater  in  the  first  18  inches  of  depth, 
indicating  more  active  nitrification  in  the  superficial  layers ;  and  this 
is  doubtless  mainly  if  not  wholly  due  to  the  accumulation  of  more 
nitrogenous  crop-residue  from  the  leguminous  than  from  the  grami- 
neous growth.  It  may  here  be  mentioned  that  the  amount  of  nitrogen 
removed  in  the  Trifolium  repens  crops  averaged  over  the  preceding 
four  years  about  30  lbs.  per  acre  per  annum,  but  the  immediately 
preceding  crop  (that  of  1882)  would  probably  remove  between  60  and 
70  lbs.  How  much  beyond  this  would  be  contained  in  the  crop- 
residue,  and  how  much  it  would  be  in  excess  of  that  in  the  residue 
from  the  wheat  crop,  we  have  not  the  means  of  estimating ;  but  it  may 
safely  be  concluded  that  it  would  be  considerably  less  than  sufficient 
to  supply  the  excess  of  about  90  lbs.  of  nitric  nitrogen  found  to  the 
depth  examined  in  the  soil  of  the  Trifolium  repens  plot  more  than  in 
the  soil  of  the  wheat-fallow  plot ;  whilst,  as  has  been  shown,  there  was 
probably  a  material  amount  of  drainage  below  that  depth,  which, 
according  to  the  figures,  would  be  much  richer  in  nitric  acid  than  any 
drainage  from  the  wheat-fallow  soil. 

Part  of  the  increased  amount  of  nitric  nitrogen  in  the  lower  layers 
of  the  leguminous  plant  soil  may,  however,  also  be  due  to  washing 
down  from  the  surface.  On  this  point,  it  should  be  stated  that,  from 
September,  1882.  to  the  end  of  February,  1883,  the  rain-gauge  showed 
about  24  inches  of  rain,  and  the  drain-gauges  about  18  inches  of 
drainage,  so  that  the  autumn  and  winter  conditions  had  been  con- 
ducive to  both  distribution  and  loss  of  nitric  acid.  In  March  and 
April  there  was  very  little  of  either  rain  or  drainage ;  in  May  there 
was  less  than  the  average  amount  of  rain,  but  more  than  the  average 
amount  of  drainage;  in  June  both  rain  and  drainage  were  below 
average.  Lastly,  in  July  there  was  considerably  more  than  average 
of  both  rain  and  drainage,  nearly  half  of  each  occurring  before  the 
commencement  of  the  soil-sampling  on  the  17th,  and  most  of  the  re- 
mainder before  its  completion  on  the  26th. 

Thus,  not  only  had  the  conditions  of  the  previous  autumn  and  winter 
been  favourable  for  distribution  and  loss,  but  the  period  immediately 
preceding  and  daring  the  soil-sampling,  which  was  also  that  of  active 
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nitrification,  were  sncli  as  to  favour  distribation,  if  not  even  some  loss 
bj  drainage. 

It  is,  however,  not  easy  to  suppose  that  the  whole  of  the  excess  of 
nitric  nitrogen  in  the  lower  layers  of  the  Trifolium  repens  soil  is  dne 
to  washing  down  from  the  surface. 

That  the  increased  amount  of  nitric  acid  found  in  the  lower  layei-s, 
not  only  of  the  Trifolium  repens,  but  also  of  the  Vicia  sativa  soils,  is 
not  wholly  due  to  more  active  nitrification  in  the  surface,  and  percola- 
tion downwards,  would  appear  from  the  fact  that  the  surface  soil  of 
each  of  the  three  leguminous  plant  plots,  after  more  than  30  years 
of  greater  removal  of  nitrogen  in  produce,  dae  chiefly  to  the  frequeut 
growth  of  leguminous  crops,  still  remains  somewhat  richer  in  total 
nitrogen  than  that  of  the  wheat-fallow  plot.  Or,  if  this  is  to  be  attri- 
buted to  the  accumulation  of  nitrogenous  crop  residue  near  the  surface, 
in  amount  more  than  compensating  for  the  exhaustion  of  nitrogen  by 
the  growth,  this  means,  unless  indeed  we  assume  that  it  has  come  from 
atmosphere,  that  the  nitrogen  has  been  derived  from  the  stores  of  the 
subsoil,  and  if  as  nitric  acid,  obviously  not  wholly  from  the  surface  soil. 

An  obvious  difficulty  in  the  way  of  the  assumption  that  the  in- 
creased assimilation  of  nitrogen  by  the  Leguminosm  is  due  to  a  supply 
of  nitric  acid  by  the  nitrification  of  the  nitrogen  of  the  subsoil,  is 
that  the  direct  application  of  nitrates  as  manure  has  comparatively 
little  effect  on  the  growth  of  such  plants.  In  the  case  of  the  direct 
application  of  nitrates,  however,  the  nitric  acid  will  percolate  chiefly 
as  nitrate  of  soda  or  nitrate  of  lime,  unaccompanied  by  the  other 
necessary  mineral  constituents  in  an  available  form ;  whereas,  in  the 
case  of  nitric  acid  being  formed  by  direct  action  on  the  subsoil,  it 
is  probable  that  it  will  be  associated  with  other  constituents,  liberated, 
and  so  rendered  available,  at  the  same  time. 

Upon  the  whole,  the  indication  certainly  is,  that  nitrification  is  more 
active  under  the  infiuence  of  leguminous  than  of  gramineous  growth 
and  crop-residne. 

In  Mr.  Warington'fl  paper  "  On  Nitrification  "  (Trans.,  1884,  637),* 
be  states  that  samples  of  sabsoil  taken  at  a  considerable  depth, 
with  precautions  to  exclude  any  roots  or  other  organic  matter,  when 
introduced  into  a  sterilised  nitrogenous  liquid,  did  not  induce  nitrifi- 
cation ;  the  conclusion  being  that  the  subsoil  was  destitute  of 
nitrifying  organisms.  This  is  obviously  no  proof  that  the  nitrogen- 
ous matter  of  the  subsoil  would  not  nitrify  if  the  organisms,  with  the 
other  necessary  conditions,  were  present.  Indeed,  results  will  be 
adduced  further  on,  pointing  to  the  conclusion  that  nitrification  does 
take  place  in  subsoils  under  such  conditions. 

*  AIbo  giren  in  abstract  at  the  Montreal  Meeting  of  the  BriHsh  Association, 
September  2, 1884. 

c  2 
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An  obvious  concldsion  from  the  results  given  in  the  table  is  that,  in 
the  case  of  a  soil  under  legnminous  growth,  the  conditions  are 
favourable  for  the  development  of  the  nitrifying  organism;  but,  in 
what  way,  the  evidence  at  present  at  command  does  not  enable  us  to 
explain.  If,  however,  this  view  should  be  confirmed,  an  important 
step  would  be  gained  towards  the  more  complete  explanation  of  the 
source  of  the  nitrogen  of  the  Leguminoscp. 

In  the  case  of  the  experiments  now  under  consideration,  the  large 
amount  of  nitrogen  as  nitric  acid  was  found  in  the  soil  where  pre- 
viously the  deep-rooting  red  clover  had  frequently  been  sown  and 
failed,  but  recently  the  shallow  rooting  Trifolium  repens  had  been 
grown.  The  increased  amount  of  nitrogen  as  nitric  acid,  not  only  in 
the  upper  but  in  the  lower  layers,  must  therefore  have  had  its  source, 
either  wholly  in  the  more  active  nitrification  in  the  upper  layers,  and 
subsequent  percolation  downwards,  against  which  view  reasons  have 
been  given  above,  or  it  is  only  in  part  due  to  this  source,  and  in  a 
greater  or  less  degree  to  the  passage  downwards  of  the  nitrifying 
organism,  and  the  nitrification  of  the  nitrogen  of  the  subsoil. 

On  the  view  here  supposed,  there  would  be  much  less  difficulty  in 
accounting  for  a  large  amount  of  the  nitrogen  of  the  subsoil  thus 
becoming  available  to  such  deep  and  strong  rooted  plants  as  the 
Melilotus  leucantha.  With  the  penetration  of  the  roots,  channels  are 
formed,  by  which,  in  addition  to  those  made  by  worms,  the  nitrifying 
organism  may  pass  downwards  in  association  with  recent  and  decom- 
posable organic  matter.  There  is  direct  evidence  that  much  water  is 
drawn  up,  and  air,  and  some  water,  with  its  contents,  must  neces- 
sarily go  down.  We  have  thus  all  the  conditions  necessary  for  the 
supply  of  nitrogen  as  nitric  acid  to  the  roots,  provided  only  the 
nitrogen  of  the  subsoil  is  subject  to  nitrification. 

On  the  assumption,  therefore,  that  leguminous  gfrowth  and  crop- 
residue  are  favourable  for  the  development  of  the  nitrifying  organism, 
it  would  follow  that,  if  the  conditions  of  soil  are  such  as  to  allow  of 
the  establishment  of  a  good  plant,  and  to  meet  its  requirements  for 
mineral  food,  the  greater  its  root  development,  the  greater  will  be  the 
amount  ot  nitric  acid  formed,  and  of  nitrogen  so  rendered  available 
to  the  plant  from  the  subsoil. 

It  is  quite  in  accordance  with  such  an  explanation  that  it  is  only 
the  deep  and  strong  rooted  Leguminosce  that  yield  very  large  amounts 
of  nitrogen  over  a  given  area  in  their  crops,  ft  is  further  consistent 
with  the  supposition  that  the  source  of  the  nitrogen  is  the  soil  and  not 
the  atmosphere,  that  when  such  crops  have  been  grown  for  some 
years,  and  have  removed  very  large  amounts  of  nitrogen,  they  cannot 
be  grown  again  on  the  same  land  for  many  years  afterwards ;  the 
explanation  apparently  being  that,  within  the  range  of  the  roots  of 
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the  particular  plant,  the  stock  of  nitrogen  in  a  condition  sns- 
ceptible  t)  nitrification,  and  perhaps  also  the  supply  of  the  neces- 
sarj  mineral  constituents,  in  an  available  condition,  had  been  for  the 
time  exhansted.  It  is  als6  consistent  with  the  idea  of  a  soil-source, 
that  when  the  same  description  of  leguminous  plant  has  been  g^wn 
year  after  year  until  it  fails,  another  description,  with  different  root- 
habit  and  root-range,  may  grow  luxuriantly  for  some  years,  and  then 
in  its  turn  decline  or  fail. 

There  is  of  course  the  alternative  that  the  soil  and  subsoil  may  be 
the  source  of  the  nitrogen,  and  yet  that  the  plant  may  take  it  up  in 
other  forms  than  as  nitric  acid,  as  ammonia,  or  as  organic  nitrogen. 

We  have  shown  that,  in  the  growth  of  fungi,  as  in  the  case  of. 
"jPatry  rings,''  both  the  organic  nitrogen  and  the  organic  carbon  of 
the  soil  are  much  reduced,  and  there  is  nothing  in  the  conditions  of 
growth  of  sQch  plants,  so  far  as  they  are  known,  at  all  inconsistent 
with  the  supposition  that  they  take  up  their  nitrogen  and  carbon 
directly  from  organic  matter.  The  evolution  of  carbonic  acid  is  a 
cbaracteristic  of  the  accumulative  process  of  such  plant-s ;  and  it  is 
found  that  the  proportion  of  carbon  to  nitrogen  finally  fixed  in  the  plant, 
is  lower  than  the  proportion  of  carbon  to  nitrogen  lost  by  the  soil. 

The  characteristic  conditions  of  accumulation  and  growth  of 
green  leaved  plants  are,  however,  essentially  different ;  and  such  as 
to  require  that  clear  experimental  evidence  should  be  adduced,  before 
the  conclusion  can  be  accepted  that  they  take  up  any  material  amount 
of  their  nitrogen  and  carbon  from  the  same  sources,  and  in  the  same 
manner,  as  the  plants  devoid  of  chlorophyll.  Supposing  the  LegttmU 
noscBf  for  example,  were  able  to  take  up  nitrogen  directly  as  organic 
nitrc^n  from  the  subsoil ;  it  must  either  be  assumed  that  they  take 
up  carbon  also,  as  do  the  fungi,  or  that  they  break  up  the  organic 
compound,  and  in  some  way  or  other  eliminate  the  carbon — which 
also  must  be  eliminated  in  the  case  of  nitrification. 

Now,  in  the  ordinary  clay  subsoil  at  Rothamsted,  the  relation  of  the 
carbon  to  the  nitrogen  is  as  6  or  8  to  1,  but  in  our  common  leguminous 
crops  it  is  about  15  to  1.  Hence,  even  if  the  whole  of  the  carbon  in 
association  with  nitrogen  in  the  subsoil  were  taken  up  by  the  plant, 
it  would  not  be  sufficient  to  supply  the  whole  of  the  carbon,  and  thei*e 
would  still  be  room  for  much  assimilation  from  carbonic  acid  under 
chlorophyll  action. 

Or,  it  may  be  assumed  that  only  the  carbon  of  the  nitrogenous 
compounds  of  the  plant  may  be  taken  up  with  the  nitrogen  by  the 
roots,  from  the  subsoil.  This  would  require  less  than  3^  parts  of 
carbon  to  1  of  nitrogen  to  be  so  supplied.  So  far,  however,  as  direct 
experimental  evidence  is  available  on  the  point,  it  is,  to  say  the  leasts 
doubtful,  whether  carbon  supplied  to  the  roots  even  as  carbonic  acid  is 
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assimilated  by  greeo  leayed  plants ;  nor  are  we  aware  of  any  experi- 
mental evidence  showing  that  such  plants  assimilate  carbon  presented 
to  their  roots  in  other  forms  of  combination. 

Thns,  whilst,  so  far  as  existing  knowledge  goes,  physiological  con- 
siderations seem  to  militate  against  the  supposition  that  green  leaved 
plants  take  np  carbon  from  organic  matter  in  the  subsoil,  the  only 
ground  for  assamiog  that  they  so  take  up  their  nitrog^  is  that  as 
yet  other  explanations  are  quantitatively  inadequate  to  account  for 
the  facts  of  growth.* 

In  defect  of  clearer  evidence  than  we  at  present  possess,  leading  to 
a  conclusion  which  would  approximate  rather  than  difEerentiate  the 
processes  of  accumulation  of  fungi  and  of  green  leaved  plants,  it  will 
be  of  interest  to  follow  up  more  closely,  clues  that  seem  to  promise 
at  least  a  more  consistent  solution  of  our  difficulty  as  to  the  source  of 
the  nitrogen  of  the  Leguminoam, 

This  brings  us  to  a  consideration  of  the  results  given  in  the  other 
oolumns  of  the  Table  II  (p.  395). 

It  has  been  seen  that  the  Trifolium  repens  soil  showed  more  nitric 
nitrogen  at  every  depth  down  to  12  times  9  inches,  or  in  all  to  108 
inches,  than  the  wheat-fallow  soil.  But  the  other  columns  show  that 
in  the  case  of  both  plots,  where  another  leguminous  plant,  the  Vicia 
sativa,  had  yielded  fair  crops,  the  amount  of  nitrogen  as  nitric  acid 
was  very  much  less.  The  inference  is  that  the  Vicia  had  taken  up 
nitric  acid  and  assimilated  its  nitrogen. 

To  go  a  little  more  into  detail :  each  of  the  Vicia  plots  shows  less 
nitric  acid,  at  every  depth  down  to  108  inches,  than  the  OMfolium 
repens  plot;  but  the  difEerence  is  by  far  the  greatest  in  tlie  upper 
layers,  and  especially  in  the  first  18  inches  from  the  surface ;  and  this 
is  the  range  within  which  this  plant  throws  out  by  far  the  larger 
amount  of  root.  But  the  reduction  is  very  distinct  below  this  point ; 
and  the  supposition  is  that  water  had  been  brought  up  from  below, 
and  with  it  nitric  acid.  In  fact,  the  determinations  showed  less  water 
in  the  soils  of  hoih.  the  Vicia  plots,  at  every  depth,  excepting  the 
eleventh,  than  in  the  corresponding  soils  of  the  Trifolium  repens  plot, 
the  eleventh  depth  of  which  showed  the  lowest  proportion  of  soil  of 
:mv  m  the  whole  series  of  plots  and  depths,  and  a  very  large  amount 
of  stones.  Reckoning  to  the  total  depth  of  108  inches,  the  mean  for 
the  two  Vicia  plots  shows  less  water,  corresponding  to  between  6  and 
7  inches  of  rain,  or  to  betweeen  600  and  700  tons  of  water  per  tucre. 
Making  full  allowance  for  all  irregularities  at  individual  depths,  or 
between  hole  and  hole,  due  to  variations  in  the  character  of  the  sub- 
soils, there  is  here  direct  proof  of  much  water,  doubtless  with  its 
soluble  contents,  having  been  drawn  up  from  the  subsoil. 

*  The  0B«ee  of  the  ao-called  "  InaectiToroiia  PlsnU  "  sre  obviQuilj  not  p«imUel. 
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Calcnlated  per  acre,  there  is,  in  the  one  case  61*49  lbs.,  and  in  the 
other  90*98,  lbs.  less  nitrogen  as  nitric  acid  in  the  Vioia  soils  than  in 
the  Trifolium  soil,  down  to  the  total  depth  of  106  inches ;  nearly  half 
of  the  deficiency  being  below  the  first  18  inches.  Even  supposing 
that  no  more  nitrification  had  taken  place  in  the  Vioia  soils  where 
there  was  growth,  than  in  tbe  Trifolium  soil  where  there  was  no 
growth,  the  difference  which  the  actnal  resnlts  indicate  would  account 
for  a  large  proportion  of  the  nitrogen  of  the  crops. 

It  has  been  shown,  however,  that  the  conditions  of  the  weather  had 
been  snch  as  to  lead  to  the  conclusion  that  there  was  probably  some 
lo68  of  nitric  acid  by  drainage,  which  would  obviously  affect  the 
Trifolium  repens  plot,  where  there  was  no  growth,  considerably  more 
than  the  Vicia  plots  where  there  was  growth,  and  a  constant  tendency 
to  the  drawing  up  of  water  with  its  contents.  It  is  obvious  that,  so 
far  as  this  has  been  the  case,  the  amount  of  nitrogen  as  nitric  acid 
found  in  the  Trifolvwm  repens  plot  down  to  the  depth  examined,  does 
not  represent  the  whole  that  had  been  formed  within  those  limits. 
Now  the  amount  of  nitrogen  as  nitric  acid  remaining  in  the  soil  of 
one  Vicia  plot  is  estimated  at  64*2  lbs.  per  acre,  and  the  amount  of 
nitrogen  in  the  crop  at  126  lbs.,  in  all  190*2  lbs.,  or  about  44*5  lbs. 
more  than  was  found  as  nitric  acid  in  the  Trifolium  repew/  soil ;  whilst 
in  the  case  of  the  other  Vicia  plot,  the  amount  of  nitric  nitrogen  in 
the  soil  was  estimated  at  54' 7  lbs.,  and  the  amount  of  nitrogen  in  the 
crop  at  143*7  lbs.,  in  all,  in  soil  and  crop,  198*4  lbs.,  or  52*7  lbs.  more 
than  was  found  in  the  Trifolium  repens  plot.  On  tbe  supposition, 
therefore,  that  the  whole  of  the  nitrogen  of  the  Vida  (a*ops  had  been 
taken  up  as  nitric  acid,  we  have  to  assume  that  in  the  one  Vicia  plot 
44*5  lbs.,  and  in  the  other  52*7  lbs.,  more  nitrogen  as  nitric  acid  was 
a^'ailable  than  in  the  Trifolium  repens  plot  to  the  depth  examined ; 
and  this  might  be  accounted  for,  partly  by  less  loss  by  drainage  from 
the  Vicia  plots,  and  partly  by  more  nitrification  under  the  influence 
of  the  g^wing  crops,  or  their  residues. 

But,  even  if  it  be  admitted  that  the  source  of  the  nitrogen  of  the 
Vioia  crops  is  thus  satisfactorily  explained  for  the  year  in  question,  it 
18  to  be  borne  in  mind  that  the  same  plots  had  grown  the  same  plant 
in  each  of  the  five  precedmg  years,  with,  on  the  two  plots,  an  esti- 
mated average  yield  of  nitrogen  of  rather  over  40  lbs.  in  1678,  nearly 
47  lbs.  in  1879  and  in  1880,  nearly  70  lbs.  in  1881,  and  between  140 
and  150  lbs.  in  1882;  or  an  average  of  about  70  lbs.  per  acre  per 
annum  over  the  five  immediately  preceding  years.  But  the  amount  of 
nitrogen  taken  up  each  year  must  have  been  much  more  than  this,  as 
each  of  the  crops  must  have  left  nitrogenous  crop-residue  near  the 
surface,  which  would  yield  nitric  acid  for  the  succeeding  crop  or  crops. 
Much  of  the  nitrogen  of  the  removed  crops  and  the  residue  combined, 
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mnst  obvionslj  be  due  to  other  sources  than  the  original  surface  soil ; 
and  if  to  the  subsoil,  it  must  either  have  been  taken  up  as  organic 
nitrogen  (or  ammonia),  or,  as  it  would  seem  in  1883,  as  nitric  acid; 
and  in  that  case  the  annual  nitrification  beyond  that  of  the  previous 
crop-residue  near  the  surface,  mast  have  yielded  approximately  as 
much  nitrogen  as  was  contained  in  the  removed  crops.  As  the  Vtcia 
ciupB  were  large  in  1882,  so  also  would  their  residue  be  proportionally 
large,  and  contribute  a  correspondingly  large  amount  of  nitric  acid 
near  the  surface  for  the  crop  of  1883.  But  the  crop  of  1883  was  nearly 
as  large,  and  it,  in  its  turn,  would  leave  a  correspondingly  large 
residue,  leaving  approximately  the  whole  of  the  nitrogen  removed  in 
the  crop  to  be  otherwise  provided  than  from  previous  residue. 

In  conclusion,  in  reference  to  this  series  of  experiments,  it  mnst 
be  admitted  that,  without  relying  at  all  rigidly  on  the  exact  numerical 
results  obtained  under  circumstances  of  so  much  difficulty  as  is  involved 
in  such  an  inquiry,  these  results,  taken  in  conjunction  with  all  that 
have  been  before  adduced,  justify  the  conclusion  that  much,  if  not 
the  whole,  of  the  nitrogen  of  the  Vicia  soHva  crops  had  been  obtained 
from  nitric  acid  within  the  soil. 

The  next  Table  (III,  p.  404),  relates  to  the  soil  where  beans  had 
been  grown  almost  continuously  for  about  30  years,  the  land  had 
then  been  fallow  for  between  4  and  5  years,  to  1882  inclusive,  and 
the  stock  of  nitrogen  in  the  surface  soil  had  been  much  reduced,  and 
was  in  fact  very  low.  Barley  and  clover  were  sown  in  1883.  The 
clover  came  up  extremely  well,  and  was  very  luxuriant  even  that 
year,  much  interfering  with  the  growth  of  the  barley ;  and  this  year, 
1884,  it  has  given  two  heavy  crops. 

It  is  certainly  contrary  to  what  would  be  anticipated,  that,  on  this 
bean-exhausted  soil,  with  its  low  percentage  of  nitrogen  in  the  upper 
layers,  very  luxuriant  crops  of  clover  should  be  g^wn.  Nor  have 
we  any  data  as  to  the  changes  in  the  soil  and  subsoil  under  the 
influence  of  this  luxuriant  grrowth.  It  is  to  be  borne  in  mind,  how- 
ever, that  the  land  had  been  faUow  for  several  years,  that  clover  had 
not  been  grown  on  it  for  perhaps  40  years  or  more,  and  that  it 
succeeded  a  crop,  though  a  leguminous  one,  of  very  widely  different 
root-habit  and  root-range.  Whether  as  the  result  of  the  fallowing 
or  not,  it  is  obvious  that  poor  as  the  surface  soil  was  in  total  nitrogen, 
it  was  in  favourable  condition,  both  as  to  nitrogen  and  mineral  supply, 
for  the  establishment  of  a  good  plant.  This  accomplished,  it  may 
safely  be  concluded,  that  the  plant  would  develop  much  mot  in  the 
subsoil,  that  it  would,  directly  or  indirectly,  draw  up  mach  water 
from  below  the  surface,  and  that,  with  this,  it  would  take  up  nitrogen 
as  nitric  acid,  as  well  as  other  constituents,  from  the  subsoil. 
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Table  III. 

Nitrogen  as  Nitric  Acid  per  acre,  lbs.,  in  Soils  of  Experimental  Plots  ; 
Beans  many  years  in  succession ;  Fallow  last  4^  years. 

Oeescroft  Fields  Bothamsted,     Sampled  April  9 — ISth,  1883. 


Without 
maniune. 

Plots  1  and  2. 

Mineral  manure 

Depths. 

Alone. 
Plot  8. 

And  ammonium 

salts  or 
.  sodium  nitrate. 

Plots  9  and  10. 

Farmyard 
manure. 

Plot  42. 

inches. 

1-9 

10—18 

19--27 

lbs. 
4-28 
6-62 
4-81 

lbs. 
8-34 
6-69 
4-33 

lbs. 
3  46 
5-81 
412 

lbs. 

18-67 

8-76 

7-70 

28—86 
37—45 
46—64 

2-69 
2-68 
1-90 

2-33 
1-25 
105 

4-14 
2-28 
2-34 

8-61 
4-86 
1-86 

56—63 
64—72 

2-60 
8-47 

0-81 
0-92 

1-48 
1-75 

1-71 
4-00 

Summary, 


1    27 
28—54 
66—72 

14-61 
7-27 
6  07 

14-36 
4-63 
1-73 

18-39 
8-76 
8-23 

30  03 

14-72 

5-71 

1—86 
87—72 

17*30 
10-66 

16-69 
4-08 

17-53 
7-85 

38-54 
11-92 

1—72 

27-95 

20-72 

25-38 

50-46 

Not  only  was  the  total  nitrogen  in  the  surface  soil  very  low  (about 
0*1  per  cent,  in  the  diy  sifted  soil),  but  the  table  affords  direct  experi- 
mental evidence  that  the  amount  of  nitric  acid  already  existing  in  the 
soil  when  the  barley  and  closer  were  sown  was  extremely  small.  Even 
in  the  case  of  the  farmyard  manure  plot,  and  much  more  so  in  that  of 
the  other  plots,  it  was  entirely  inadequate  to  meet  the  requirements 
of  the  luxuriant  crops  of  clover. 

The  soils  were  sampled  from  April  9 — 13,  1883.  It  has  been 
already  stated  that  the  land  had  been  fallow  for  several  years,  so 
that  there  would  be  a  minimum  amount  of  crop-residue  near  the 
surface ;  and  since,  during  the  autnmn  and  winter  of  1882 — 3,  there 
had  been  a  g^at  excess  of  both  rain  and  drainage,  it  conld  not  be 
expected  that  there  woald  be  much  of  the  probably  limited  amount 
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of  nitric  acid  formed  in  the  previous  sammer  and  aatamn  remaining 
in  the  soil  in  April.  Indeed,  excepting  in  the  case  of  the  farmyard 
manure  plot,  there  is  more  nitrogen  as  nitric  acid  in  the  second  and 
third,  and  in  one  case  in  the  fourth  depth,  than  in  the  first,  thus 
affording  direct  evidence  of  .washing  down.  In  fact,  in  the  first  three 
depths,  that  is,  down  to  27  inches,  there  is  only  about  half  as  much 
nitrogen  as  nitric  acid  as,  to  the  same  depth,  in  the  wheat-fallow  soil 
sampled  in  the  following  July,  and  there  is  also  less  in  the  next  five 
depths. 

Here,  then,  we  have  a  surface  §oil  with  the  total  nitrogen  very  much 
reduced  by  previous  treatment,  and  very  low,  in  both  surface  and 
subsoil,  very  small  amounts  of  ready-formed  nitric  acid,  and  probably 
a  minimum  amount  of  crop-residue  near  the  surface  for  decomposition 
and  nitrification,  when  the  red  clover  was  sown.  Yet  very  luxuriant 
crops  were  grown,  carrying  off  more  than  200  lbs.  of  nitrogen  per  acre, 
and,  of  course,  leaving  a  highly  nitrogenous  crop-residue  besides. 

Whence  comes  this  nitrogen?  The  alternatives  are,  I — that  it 
has  been  supplied  from  the  atmosphere,  in  favour  of  which  view 
there  is  nothing  excepting  that  it  would  afford  an  explanation  other- 
wise not  very  obvious ;  2 — ^that  it  has  been  derived  directly  from  the 
organic  nitrogen  of  the  soil  and  subsoil,  for  which  again  there  is  as 
yet  no  proof,  whilst  there  are  physiological  reasons  against  it ;  3 — 
that  under  the  influence  of  the  once  well  started  leguminous  growth^ 
with  its  excretions  and  residue,  the  development  of  the  nitrifying 
organism  is  favoured,  first  in  the  upper  and  richer,  and  afterwards 
in  the  lower  and  poorer  layers,  and  that  thus  t^e  nitrogen  of 
the  soil  and  subsoil  has  been  gradually  rendered  available  for  the 
exigencies  of  growth  ;  and  that  the  supply  was  largely  derived  from 
the  subsoil  may  be  inferred  from  the  fact  that,  after  the  growth  of 
clover,  the  surface  soil  is  generally  found  to  be  richer  in  total  nitrogen 
determinable  by  the  soda- lime  method.  For  this  explanation,  too,  it 
is  freely  admitted  that  proof  is  wanting ;  but  there  is,  at  any  rate, 
more  evidence  from  analogy  in  its  favour  than  for  either  of  the  other 
solutions  suggested. 

The  next  results  relate  to  plots  on  which  rotation  experiments  have 
been  conducted  through  9  courses  of  4  years  each,  that  is,  over  a 
period  of  36  years  in  all.  The  course  of  cropping  has  been,  1 — roots ; 
2 — ^barley ;  3 — clover,  or  beans,  or  fallow  ;  4 — wheat.  The  manures 
indicated  at  the  head  of  the  columns  in  the  table  (p.  406),  were  only 
applied  for  the  roots  commencing  each  course,  that  is,  once  in  4  years  ; 
and  the  samples  of  soil  were  taken  after  the  wheat  crop  concluding 
the  ninth  course,  and  consequently  four  years  after  the  last  applica- 
tion of  manure. 
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Table  IV. 

Nitrogen  aa  Nitric  Acid  per  acre,  lbs.,  in  Soils  of  Experimental  Plots, 
afler  Rotation  36  years.  Boots;  Barley;  Clover,  or  Beans,  or 
Fallow;  Wheat. 

Agdell  Fisld^  Bothanisted.     Sanvpled  November  15,  1883,  to  Janv-ary  4i, 

1884. 


Mineral  and  nitrogenouB  manure. 

Superphosphate  only. 

Boots  fed  on  the  land. 

Boots  carted. 

Dppths. 

Fallow. 

Clorer  or  beans. 

Fallow. 

Clover  or  beans. 

Plots  1  and  2. 

Plots  8  and  4. 

PloU  13  and  14. 

Plots  15  and  16. 

inches. 

lU. 

lbs. 

lbs. 

lbs. 

1—9 

3-44 

6-13 

3*36 

3*66 

10—18 

3  11 

4-41 

2-64 

3-48 

19—27 

0-79 

1-63 

0-95 

1-51 

28^-^6 

1-01 

130 

0-90 

0-96 

87—46 

0-81 

1-52 

0-45 

118 

46—54 

0-61 

0-81 

0-53 

1-55 

65—68 

0-77 

2-23 

1-22 

0-85 

64—72 

0-89 

1-68 

1-49 

1*57 

78—81 

0.65 

2-44 

2-97 

1-67 

82—90 

2  03 

2-08 

2-78 

2  00 

91—99 

1*58 

2  13 

4*81 

2  36 

100-108 

3-75 

2-83 

3  11 

0-90 

Summary, 


1—27 
28—64 
55—81 
82—106 

7-34 
2-43 
2*31 
7*31 

12-17 
3  63 
6-85 
7  04 

6*95 

1-88 

5-68 

10-70 

8-65 
3-69 
4*09 
5*26 

1—54 
56—108 

9-77 
9*62 

15-80 
13-39 

8-83 
16-38 

12-34 
9-35 

1—18 
19--108 

6*55 
12*84 

10*54 
18-65 

6-00 
19-21 

7*14 
14-55 

1—108 

19*39 

29-19 

25  21 

21*69 

The  first  two  columns  of  the  table  show  the  amounts  of  nitrogen  as 
nitric  acid  down  to  the  depth  of  12  times  9  inches,  or  in  all  to 
108  inches,  in  the  soils  where  a  foil  manure,  both  mineral  and 
nitrogenous,  had  been  applied  every  fourth  year ;  and  the  third  and 
fourth  columns  show  the  amounts  in  those  where  snperphosphate  of 
lime  only  had  been  applied,  once  in  four  years ;  the  determinations 
being  made,  in  each  case,  four  years  after  the  last  application. 

Each  of  these  plot«  is  again  divided  into  two: — One-half  being 
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left  &II0W,  and  the  other  growing  clover  or  beanB,  in  the  third  year  of 
the  course.  That  is  to  say,  from  one-half — that  in  fallow — there  is 
no  crop,  and  therefore  no  nitrogen  removed  in  the  third  year  of  the 
course,  whilst  from  the  other  a  highly  nitrogenous  leguminous  crop, 
clover  or  beans,  is  removed. 

A  farther  distinction  between  the  differently  manured  plots  is,  that 
on  the  highly  manured  plot  the  roots  were  fed  on  the  land,  whilst 
they  were  entirely  removed  from  the  superphosphate  plot.  Thus, 
the  one  plot  is  not  only  very  much  more  highly  manored,  but  it  is 
otherwise  subjected  to  much  less  exhausting  treatment. 

The  soil  sampling  was  conducted  between  November  15,  1883,  and 
January  4,  1884,  the  operations  being  very  much  interfered  with  by 
itiin.  It  has  already  been  stated,  that  there  was  a  great  deal  of  rain, 
and  a  great  deal  of  drainage,  during  the  previous  autumn  and  winter, 
1882 — 3.  There  was,  however,  very  little  drainage  in  either  March 
or  April,  a  fair  amount  in  May,  very  little  in  June,  a  good  deal  in 
July,  scarcely  any  in  August ;  but  there  were  considerable  quantities 
in  September,  October,  November,  and  December. 

Upon  the  whole,  therefore,  the  conditions  during  the  previous 
twelve  months  or  more  were  such  as  to  induce  distribution,  and  loss, 
of  nitric  acid  by  drainage. 

The  first  point  to  remark  is  that,  under  these  circumstances,  the 
amounts  of  nitrogen  as  nitric  acid  found  are  in  all  cases  very  small ; 
the  highest  amount  being  little  more  than  half  as  much  as  was  found 
in  the  wheat-fallow  soil  in  Hoosfield,  sampled  before  the  loss  by 
drainage  of  August,  September,  October,  and  November.  Next,  there 
is  a  general  tendency  to  an  increase  in  the  amount  in  the  lower  layers, 
indicating  washing  down,  and  probably  loss  below. 

Comparing  plot  with  plot,  and  taking  first  the  highly  manured  and 
less  exhausted  plot,  it  is  seen  that  the  figures  in  the  two  columns  are 
very  consistent.  The  amount  of  nitrogen  as  nitric  acid  is  higher  at 
every  depth  (excepting  the  twelfth)  where  clover  had  been  grown, 
than  where  the  land  had  been  fallow,  in  1882.  That  is  to  say,  where  the 
land  had  been  fallow  there  was  no  growing  plant  to  take  up  the  nitric 
acid  formed;  there  would  be  a  minimum  of  crop-residue,  and  the 
smaller  amount  of  nitric  acid  would  be  subject  to  drainage,  both 
throughout  the  fallow  period,  and  during  the  succeeding  very  wet 
autumn  and  winter.  On  the  other  portion,  the  growing  clover  would 
take  up  nitric  acid,  and  leave  a  highly  nitrogenous  crop-residue  near  the 
surface.  There  would  thus  be  more  nitric  acid  formed,  and  remaining, 
within  the  range  of  the  soil-sampling ;  and  as  a  matter  of  fact  the  wheat 
crop  of  1883,  succeeding  the  clover,  was  larger,  and  took  up  more  nitre* 
gen,  than  that  after  the  fallow.  Indeed,  over  the  36  years  of  the  experi- 
onent,  whilst  the  clover  or  bean  plot  has  yielded  an  average  of  G8'4  lbs. 
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of  nitrogen  per  acre  per  annnm  in  the  crops,,  the  fallow  plot  has  only 
yielded  47  lbs. ;  or  dedacting  the  amounts  of  nitrogen  applied  iu 
manures,  the  yield  in  the  crops  of  the  clover  or  bean  plot  has  been 
34  lbs.,  and  that  of  the  fallow  plot  only  12*6  lbs.  per  acre  per  annum. 

This  experiment  affords  an  illustration  of  the  loss  of  nitrogen  that 
the  land  may  sustain  by  fallow  in  a  wet  season,  and  of  the  benefits 
arising  from  the  ground  being  covered  with  a  crop  which  takes  up 
the  nitric  acid  as  it  is  produced ;  and  obviously  the  effect  will  be  the 
greater  when  that  crop  is  a  leguminous  one  if,  as  has  been  suggested, 
its  gprowth  and  residue  are  favourable  to  the  development  of  the 
nitrifying  organisms,  and  the  formation  of  nitric  acid,  the  nitrogen 
of  which  is  conserved  by  the  plant. 

We  turn  now  to  the  results  relating  to  the  mucb  more  exhausted 
plot,  receiving  only  superphosphate  of  lime  every  4  years,  and  no 
nitrogen  in  manure,  and  from  which  the  root-crops  are  entirely 
removed  instead  of  being  fed  on  the  land.  From  the  fallow  portion 
of  this  plot,  an  average  of  31*1  lbs.,  but  from  the  clover  or  bean 
portion  of  44*4  lbs.  of  nitrogen  has  been  removed  per  acre  per 
annum  in  the  crops.  In  1882,  about  150  lbs.  of  nitrogen  were 
removed  in  the  crop  on  the  clover  portion,  the  fallow  portion  losing 
none  except  by  drainage ;  and  after  this  the  wheat  crop  of  1883 
removed  rather  more  nitrogen  from  the  fallow  portion. 

The  influence  of  the  clover  crop  residue  is  nevertheless  still  seen  in 
the  somewhat  higher  amount  of  nitrogen  as  nitric  acid  in  the  first 
six  depths ;  whereas,  with  the  tendency  to  passage  downwards,  rather 
than  to  drawing  upwards,  during  the  fallow  period,  there  is  more 
nitric  acid  in  the  lower  layers  of  the  fallow  portion. 

To  conclude  in  relation  to  the  results  of  these  rotation  plots : — ^they 
do  not  contribute  very  direct,  or  very  important  evidence,  on  the 
main  point  of  our  inquiry — that  of  the  soil-source  of  the  nitrogen  of 
our  crops  generally,  and  of  the  LeguminoscB  in  particular ;  but  so  far 
as  they  go  they  are  found,  on  detailed  examination,  to  be  consistent  in 
their  indications  with  those  which  have  gone  before,  and  which  are 
more  definite  in  character. 

The  Sources  of  the  FerjtUity  of  some  Manitoba  Prairie  Soils. 

If  then,  the  mineral  constituents  not  being  deficient,  and  being  in 
available  condition,  the  fertility  of  a  soil  is  largely  to  be  measured  by 
the  amount  of  nitrogen  it  contains,  and  the  degree  in  which  it  is 
subject  to  nitrification,  it  becomes  a  matter  of  interest  to  determine 
the  characters  of  virgin  prairie  soils  in  these  respects. 

In  our  former  paper,  given  two  years  ago,  we  gave  the  determina- 
tions of  nitrogen  in  some  prairie  soils. 
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In  a  sample  of  Illinois  prairie  soil,  supplied  some  years  ag^o  bj  Sir 
James  Caird  to  Dr.  Yoelcker  for  analysis,  the  amount  of  nitrogen 
found  in  it  by  him,  and  also  at  Bothamsted,  corresponded  to  0*2o 
per  cent,  in  the  dry  mixed  soil  and  subsoil ;  while  in  the  separate 
surface  soil  Dr.  Yoelcker  found  0*33  per  cent. 

Again,  in  1882  between  forty  and  fifty  samples  of  soil  from  the 
North- west  Territory,  taken  at  intervals  between  Winnipeg  and  the 
Rocky  Mountains,  were  sent  over  to  the  High  Commissioner  in 
London  for  exhibition.  They  were  exhibited  in  glass  tubes  4  feet 
in  length.,  and  were  stated  to  represent  the  core  of  soil  and  subsoil  to 
that  depth.  Samples  of  the  surface  soils  of  three  of  these  were 
kindly  supplied  to  us  for  the  determination  of  nitrogen  in  them. 
The  following  results  were  obtained : — 

Per  cent,  nitrogen 
No.  1.  From  Portage  la  Prairie,  about  60  miles  1        in  dry  toil. 

from   Winnipeg,   under  cultivation  several  f         0*2471 

years 1 J 

No.  2.  From  the  Saskatchewan  district,  140  miles  ^ 

from  Winnipeg,  under  cultivation  less  time  >         0*3027 
than  No.  1    J 

No.  3.  About  40  miles  from  Fort  Ellico,  a  virgin  1  0'2*>00  - 

soil J 

Now  these  soils  are  probably  about  twice  as  rich  in  nitrogen  as 
the  average  of  arable  soils  in  Great  Britain,  and  perhaps  about  as 
rich  as  the  average  of  the  surface  soils  of  permanent  pasture  land  ; 
and  as  their  nitrogen  has  its  source  in  the  accumulation  from  ages  of 
natural  vegetation,  with  little  or  no  removal,  except  by  drainage,  and 
they  do  in  fact  yield  large  crops,  it  is  to  be  supposed  that  they  are 
not  deficient  in  the  necessary  mineral  supplies.  Indeed,  in  Dr. 
Yoelcker's  report  on  foar  Illinois  prairie  soils,  he  calls  attention  to 
their  richness  in  potash  and  other  mineral  constituents ;  the  amount 
of  lime,  however,  being  somewhat  low. 

In  the  case  of  these  soils,  we  did  no  more  than  determine  the 
nitrogen  by  soda-lime.  But  it  is  obvious  that  if  the  views  we  have 
maintained  in  the  preceding  part  of  this  paper  are  correct,  it  would 
be  a  matter  of  much  interest  to  determine  the  degree  of  suscepti- 
bility to  nitrification  of  such  soils.  Id  a  short  visit  paid  by  one  of  us 
to  Manitoba  in  the  autumn  of  1882,  a  few  samples  of  soil  were 
collected  for  examination,  and  it  was  also  arranged  at  Winnipeg  that 
special  samples  should  be  collected.  But  notwithstanding  the  infal- 
lible baggage-cheque  system  of  the  American  continent,  the  bag  con- 
taining the  samples  was  lost,  and  the  special  samples  from  Winnipeg 
have  not  yet  reached  us,  but  are  still  promised. 
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However,  the  Deputy  Minister  of  Agriculture  at  Winnipeg,  Mr. 
Acton  Burrows,  sent  a  series  of  samples  last  year  (1883),  to  be 
exhibited  at  the  offices  of  the  Canadian  Pacific  Railway  Company  in 
London ;  and  by  his  directions,  and  with  the  kind  co-operation  of 
Mr.  Beggf  the  Land  Agent  of  the  Company  in  London,  we  have  been 
enabled  to  obtain  fair  and  sufficient  samples  of  those  sent  over  as 
above  referred  to.  As  the  Tables  V,  VI,  VII,  and  VIII,  which 
follow,  recording  the  results,  show,  one  series  of  samples  come  from 
Niverville,  one  from  Brandon,  one  from  Selkirk,  and  one  from 
Winnipeg.  In  each  case,  four  samples  were  taken,  representing 
respectively  the  first,  second,  third,  and  fourth  foot  of  depth. 

Li  all  the  samples,  we  have  in  the  first  place  determined  the  total 
nitrogen,  and  the  total  carbon. 

Samples  were  then  extracted  with  water,  by  the  aid  of  •  the  water- 
pump,  and  the  nitrogen  as  nitric  acid  determined  in  the  extracts. 
The  amount  of  nitric  acid  so  found  in  the  sample  as  received  being 
very  largely  dependent  on  the  conditions  of  moisture  and  preserva- 
tion of  the  sample,  the  results  of  the  first  determinations  are  of  little 
significance.  After  the  first  extraction,  each  sample,  in  a  suitable 
condition  as  to  moisture,  was  exposed  in  a  shallow  dish,  covered  with 
a  glass  plate,  and  all  were  subject  to  the  same  conditions  as  to  tem- 
perature, which,  however,  were  not  uniform  in  the  different  periods. 
Then,  after  a  given  time,  at  first  28  days,  but  afterwards  generally 
for  a  longer  and  not  always  a  uniform  period,  the  sample  was  again 
extracted,  and  the  nitrogen  as  nitric  acid  again  determined ;  and  as 
the  Tables  show,  the  process  was  repeated  8  times,  the  work  extend- 
ing from  March,  1883,  to  April,  1884. 

It  is  obvious  that,  by  repeated  extraction,  the  soluble  mineral 
matters  of  the  soils  would  be  washed  out ;  and  it  became  a  question 
whether  the  reduced  nitrification  in  some  cases  might  not  be  due  to 
a  deficiency  of  mineral  matter  for  the  development  of  the  nitrifying 
organisms,  or  of  the  formation  of  nitrates.  Hence,  after  the  fourth 
extraction,  potassium  phosphate,  magnesium  sulphate,  and  calcium 
carbonate,  were  added  to  the  samples.  It  was  evident  from  the 
character  of  the  extracts  that  too  much  of  these  had  been  added,  and 
in  the  fifth  extract  scarcely  any  nitric  acid  was  obtained.  After  this 
extraction,  however,  the  action  recommenced  with  some  energy,  and 
in  the  Tables  the  results  obtained  in  the  fifth  and  sixth  extractions 
are  given  together. 

Again,  after  the  seventh  extraction,  it  was  decided  to  see  whether 
the  action  would  be  increased  if  the  exhausted  soils  were  seeded 
with  nitrifying  organisms.  Accordingly,  0*1  gram  of  rich  garden 
soil  was  well  mixed  with  each  of  the  subsoils  in  which  the  action  had 
much  diminished,  and  the  results  obtained  after  this  treatment  are 
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f^ven  witbin  brackets,  thns  [  ],  in  the  last  colnmn  of  each  of  the 
Tables. 

We  now  torn  to  the  consideration  of  the  results  obtained.  The 
percentages  of  nitrogen  (determined  by  the  soda-lime  method)  are 
given  in  the  first  column  of  Table  V ;  and  the  percentages  of  carbon, 
and  its  proportion  to  the  nitrogen,  in  the  surface  soils,  are  given  in 
Table  IX,  p.  419.  The  amount  of  carbon  found,  and  its  proportion 
to  the  nitrogen,  in  some  of  the  subsoils,  are,  however,  so  high,  that  it 
is  obvious  the  samples  were  not  quite  free  from  particles  of  unde- 
composed  Tegetable  residue,  although  all  that  was  visible  was  picked 
out  before  the  samples  were  submitted  to  analysis.  The  subsoil 
carbon  results  are  therefore  not  recorded. 

The  first  soil,  that  from  Niverville,  about  44  miles  west  of  Winni- 
peg, had  been  broken  up  from  prairie  five  or  six  years,  and  had  grown 
5  crops  of  cereals. 

The  percentage  of  nitrogen  in  the  dry  soil  of  the  first  12  inches 
of  depth  is  0261,  or  nearly  twice  as  high  as  in  the  first  t)  or  9 
inches  of  ordinary  arable  land,  and  about  as  high  as  in  the  surface 
soil  of  pasture  land,  in  Great  Britain.  Even  the  second  12  inches 
of  depth  is  richer  than  our  surface  arable  soils.  The  third  12  inches 
is  about  as  rich  a^s  the  second  9  inches  of  the  Bothamsted  soils,  bat 
the  fourth  is  low.  Here,  however,  we  have  a  depth  of  24  inches 
yery  much  richer  than  the  first  9  inches  of  our  own  arable  soils. 

The  soil  from  Brandon,  about  132  miles  west  of  Winnipeg,  was 
first  broken  up  in  1882,  back  set  in  1883,  and  grew  25  f)ushels  of 
wheat  per  acre  that  year. 

This  soil  is  not  so  rich  in  nitrogen  as  that  from  Niverville.  Still 
the  dry  soil  of  the  first  12  inches  of  depth  contains  0*187  per  cent,  of 
nitrogen,  and  is  as  rich  as  the  first  6  or  9  inches  of  good  old  arable 
soil,  and  the  second  12  inches  is  about  equal  to  the  exhausted  surface 
soil  at  Rothamsted ;  the  third  12  inches  is  about  equal  to  the  second 
9  inches  of  the  Rothamsted  soils ;  but  the  fourth  depth  is  very  poor. 
The  soil  from  Selkirk  was  taken  from  a  farm  which  had  been  in 
cultivation  for  25  years,  but  from  a  portion  near  the  buildings  which 
had  never  been  broken  up. 

Here  it  is  seen  that  there  is  an  extremely  high  percentage  of 
nitrogen  in  the  first  12  inches  of  depth  (0'618),  and  in  the  second 
12  inches  as  high  a  percentage  as  in  ordinary  pasture  surface  soil 
(0*264).  The  third  and  fourth  depths  are  about  as  rich  as  the 
Rothamsted  subsoils.  It  might  be  supposed  that  the  first  12  inches 
had  been  contaminated  by  manure  from  the  buildings,  were  it  not 
that  the  second  12  inches  also  shows  a  high  result. 

Lastly,  the  soil  from  Winnipeg  had  been  broken  up  from  prairie 
about  5  years,  had  been  ploughed  and  trenched,  had  been  manured 
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two  or  three  times,  and  had  grown  very  good  crops  of  potatoes.  It 
is  unfortunate  that  the  land  had  been  manured,  as  an  individual 
sample  may,  though  there  is  no  evidence  that  in  this  case  it  did,  con- 
tain portions  of  undecomposed  manure.  Both  the  first  and  the 
second  12  inches  of  depth  are  very  rich  in  nitrogen  (0"428  and 
0'327) — richer  than  the  average  of  old  pasture  surface  soils.  The 
third  depth  is  as  rich  as  a  good  arable  surface  soil  (0*158),  and  the 
fourth  much  richer  than  the  Bothamsted  second  9  inches  (0*107). 

To  convey  a  more  definite  idea  of  the  relative  richness  in  nitrogen 
of  these  Manitoba  prairie  soils,  it  may  be  well  to  state  that  the 
nitrogen  in  the  dry  soil  of  the  first  9  inches  of  depth  of  the  arable 
soils  at  Rothamsted  is  sometimes  as  low  as  0*1  and  seldom  exceeds 
014  or  0*16  per  cent. ;  that  in  the  second  9  inches  it  ranges  from 
0*07  to  little  over  0*08  per  cent. ;  in  the  third  9  inches  from  under 
0*06  to  about  0*07  per  cent. ;  and  that  in  the  lower  depths  it  ia  rather 
lower  still.  As  a  further  indication  of  comparative  fertility  it  may  be 
added  that  old  pasture  land  at  Rothamsted  contains  in  the  first 
9  inches  from  0*25  to  0*30  per  cent,  of  nitrogen. 

Some  soils,  however,  peaty  soils  for  example,  may  contain  a  high 
percentage  of  nitrogen,  but  in  such  conditions  as  to  be  extremely 
slowly  rendered  available.  What  is  the  condition  of  the  nitrogen  of 
these  rich  prairie  soils  in  this  respect  ? 

This  is  illustrated  in  the  columns  of  the  Tables  showing  the 
amounts  of  nitrogen  as  nitric  acid  found  in  these  soils  and  subsoils, 
after  exposure  for  successive  periods  under  suitable  conditions  as  to 
moisture  and  temperature.  In  Table  V  (p.  412),  the  quantities  are 
calculated  per  million  dry  soil,  for  each  period.  In  Table  VI  (p.  415), 
the  amounts  per  million  dry  soil,  per  day,  are  given.  In  Table  VII 
(p.  416),  the  percentage  of  the  original  nitrogen,  which  is  nitrified 
within  each  period  is  given.  Lastly,  in  Table  VIII  (p.  417),  an 
approximate  estimate  is  given  of  the  amounts  of  nitrogen  nitrified  per 
acre,  in  each  soil,  from  each  depth,  within  each  period,  and  during  the 
total  period  of  the  experiments. 

In  the  narrow  columns  of  Table  V,  the  number  of  days  comprised 
in  each  period  of  exposure  is  recorded ;  some  periods  during  which 
the  samples  were  allowed  to  go  and  to  remain  dry,  and  the  action 
thus  arrested,  not  being  included.  It  was  at  first  intended  that 
the  periods  should  be  uniformly  28  days  ;  but  owing  to  the  pressure 
of  other  work  it  was  impossible  to  adhere  to  this,  and  hence  there 
are  irregularities  in  the  results,  comparing  period  with  period,  in 
explanation  of  which  the  difference  in  the  length  of  the  periods  must 
be  taken  into  account ;  but  they  are  also  in  part  due  to  variations  of 
temperature  between  period  and  period.  On  this  point  it  may  be 
stated  that  the  temperature  ranged  over  the  several  periods  as  follow : — 
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Centigrade. 

First  period 16—24'' 

Second  period   18 — 24 

Third        „        18—31 

Fonrth      „        10—23 

Fifth        „        3-6—16 

Sixth        „        4—27 

Seventh   , 9—26 

Eighth     „        11—28 

It  wiU  be  seen  that  in  the  case  of  each  set  of  soils  the  amount  of 
nitrogen  nitrified  is  very  mnch  the  greater  in  the  richer  surface  soit 
than  in  the  poorer  subsoils.  It  is  also  generally,  though  not  uni^ 
formly,  greater  in  the  second  than  in  the  third,  and  in  the  third  than 
in  the  fourth  depth  of  12  inches. 

The  resxdts  are,  however,  arranged  in  a  more  comparable-  form  in 
Table  YI,  p.  416,  which  shows  the  average  amount  of  nitrogen 
nitrified  per  dayy  per  million  of  dry  soil,  over  each  period.  It  is  there 
seen  that  in  most  cases,  especially  of  the  subsoils,  the  rate  of  nitri- 
fication was  much  less  over  the  third  and  fourth  than  over  the  first 
and  second  periods. 

As  already  said,  after  the  fourth  period,  mineral  consituents  were 
added,  but,  from  the  results,  obviously  in  excessive  amount,  so  that 
over  the  fifth  period  there  was  scarcely  any  nitrification ;  and  even 
taking  the  results  of  the  fifth  and  sixth  periods  together,  the  rate 
does  not  appear  to  have  been  increased;  whilst,  over  the  seventh 
period  compared  vrith  the  fourth,  it  is  in  most  cases,  and  in  some  of 
the  subsoils,  very  much  reduced.  It  will  be  observed  that  during 
parts  of  the  fifth  and  sixth  periods  the  temperature  ranged  low ;  but 
during  the  seventh  period  compared  with  the  fourth,  there  was  not 
much  difference. 

Lastly,  the  increase  in  the  rate  of  nitrification  over  the  eighth 
period  compared  with  the  seventh,  in  the  case  of  the  subsoils  which 
had  been  seeded  by  the  addition  to  them  of  only  0*1  gram  of  rich 
garden  mould,  is  very  great.  These  results  are  enclosed  with 
brackets  thus  [  ]. 

The  results  as  they  stand  are  very  striking;  and  assuming  that 
their  indications  are  not  materially  vitiated  by  the  fact  that  some  of 
the  subsoils  appear  from  their  high  amount  of  carbon  to  have  con- 
tained particles  of  vegetable  residue,  they  are  of  much  interest  and 
significance,  affording  evidence  that  the  nitrogen  of  subsoils  is  subject 
to  nitrification,  provided  only  that  the  nitrifying  organisms,  and  the 
other  necessary  conditions  for  nitrification,  are  not  wanting.* 

*  Farther  experiments  on  the  point  are  now  in  progress. 
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Table  VI. 

Manitoba  Prairie  Soils  and  Subsoils.     Nitrogen  Nitrified  per  day,  per 
million  diy  soil,  during  successiye  periods  of  exposure. 


Depths. 


Periods  of  exposure. 


Ist. 


2nd. 


Srd. 


4th. 


5th  and  6th. 


7th. 


8th. 


Avenge. 


Soil  from  NivervtUe. 


inches. 

1—12 

0-613 

0-337 

0-526 

lost 

0  002 

0166 

0  190 

(0  -260) 

18—24 

0-112 

0  115 

0  022 

0-109 

0  040 

0  017 

[0-288] 

0-072 

25—36 

0  016 

0-018 

0  004 

0-008 

0-010 

0  009 

'0  046] 

0-011 

37—48 

0  016 

0  021 

0  007 

0  008 

0  014 

0-006 

"0  023' 

0-012 

Soil  from  Brandon, 


1—12 

0-826 

0-815 

0-386 

0  357 

0-128 

0-248 

0  170 

0-268 

13—24 

0  051 

0  038 

0  038 

0  163 

0-051 

0  085 

lost 

(0  054) 

25—36 

0-175 

0  136 

0  013 

0  045 

0-010 

0-009 

[0  098] 
[0-024] 

0-04S 

37—48 

0-019 

0-010 

0-002 

0-002 

0-006 

0  006 

0-008 

Soil  from  Selkirk, 


1—12 

1-721 

1-242 

0-676 

0-711 

0-357 

0-776 

0-355 

0-701 

13—24 

0-488 

0-812 

0-346 

0-328 

0  188 

0-486 

0-307 

0  364 

25—36 

0  035 

0-066 

0-016 

0-018 

0  010 

0-010 

[0  -076] 
[0  025] 

0  026 

37—48 

0-007 

0  008 

0-U12 

0  009 

0  011 

0-008 

0  011 

Soil  from  Winnipeg. 


1—12 

1-860 

1-030 

0-656 

1001 

0-200 

0-768 

0-877 

0-698 

13—24 

0-213 

0-884 

0-286 

0-473 

0-276 

0-141 

0-362 

0-348 

25—36 

0-443 

0-630 

0-103 

0-301 

0-138 

0-076 

[0  -487] 
[0  -372] 

0-249 

87—48 

0*204 

0-291 

0-013 

0-090 

0-003 

0  020 

0-102 

The  results  would  thus  lend  oonfirmation  to  the  view  that,  especi- 
ally in  the  case  of  deep-rooted  plants,  the  subsoil  may  become  an  im- 
portant source  of  nitrogen  yielded  up  to  them  as  nitric  acid ;  for,  in 
addition  to  the  channels  formed  by  worms,  such  plants  will  form 
others  by  their  roots,  and  by  their  growth  will  cause  the  passage 
upwards  of  much  water,  and  so  induce  the  passage  downwards,  not 
only  of  air,  but  of  other  matters,  nitrifying  organisms  included. 

Table  VII,  p.  416,  shows  the  percentage  of  the  original  nitrogen,  of 
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the  soils  and  subsoils,  which  was  nitrified  daring  each,  and  the  total 
period  of  the  experiments.  The  last  column  shows  that,  over  the 
total  period,  from  4  to  5  per  cent.,  or  more,  of  the  nitrogen  of  the 
richer  soils  and  subsoils  was  so  nitrified ;  but  it  is  obvious  that  the 
conditions  of  these  experiments  cannot  be  compared  with  those  of  the 
soils  in  their  natural  conditions  of  exposure,  moisture,  and  tem- 
perature. 

Table  VII. 

Manitoba  Prairie  Soils  and  Subsoils.   Percentage  of  original  Nitrogen 
Nitrified,  during  successive  periods  of  exposure. 


Depths. 


Periods  ol  exposure. 


1st. 


2nd. 


3rd. 


4th. 


5th  and  6th. 


7th. 


8th. 


Total. 


SM  from  Niverville. 


IncbM. 

percent 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

1—12 

0-55 

0-36 

1-75 

lost 

O'Ol 

0-18 

0-36 

(3  -21) 

13—24 

oil 

0  19 

Oil 

0-24 

0  19 

0  03 

[0  -39] 

1-26 

25—36 

0  06 

0  05 

0  06 

0  02 

Oil 

0-03 

'0-19' 

0-51 

37—48 

0  12 

0  16 

0  13 

0  08 

0-29 

0  05 

[0-17 J 

100 

Soil  from  Brandon, 


1—12 

0-49 

0-47 

1-79 

0-67 

0-54 

0-37 

0-45 

1 
4-78 

13—24 

0-13 

0  10 

0-30 

0-52 

0-37 

0-22 

lost 

(1-64) 

26-^6 

0-63 

0-53 

0  15 

0*24 

Oil 

008 

ro-38' 

LO-35: 

2  07 

87—48 

0-27 

0  15 

009 

0-05 

0-23 

0-08 

1-22 

Soil  from  Selkirk. 


1—12 

0-78 

0-56 

0-95 

0-40 

13—24 

0-52 

0-86 

101 

0-43 

26^-36 

0  18 

0-25 

014 

0-06 

37—48 

0  05 

0  05 

0-18 

0  08 

0-46 
0-57 
0  10 
0-20 


3  77 
4*48 
100 
0-77 


Soil  from  Winnipeg. 


1—12 

0-89 

0-67 

1-35 

0-82 

0-53 

0*50 

0-66 

5*42 

18—24 

0  18 

0-76 

0-74 

0-55 

0-66 

0-12 

0-54 

3-55 

25—36 

0-78 

112 

0-60 

0-76 

0-69 

014 

■0-86" 
"O  -97] 

4*85 

37—48 

0*53 

0-76 

0  07 

0-38 

0  02 

0  05 

2-78 

For  the  same  reason,  the  calculations  per  acre^  given  in  Table  VIII, 
must  also  be  accepted  with  much  reservation.     Still,  the  results  are 
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Table  VIII. 

Manitoba  Prairie  Soils  and  Subsoils.  Estimated  Amounts  of  Total 
Nitrogen,  and  of  Nitrogen  Nitrified,  per  acrey  during  successiTe 
periods  of  exposure. 


Depths. 


Total 
nitrogen 
per  acre. 


Nitrogen  as  nitric  acid. 


Periods  of  exposure. 


Ist. 


2nd. 


8rd. 


4th. 


5th  & 
6th. 


7th. 


8th. 


Total. 


Soil  from  Niverville. 


inches. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Ibe. 

1—12 

7|808 

40-1 

26-4 

128  1 

lost 

0-4 

13  0 

26  1 

(284*1) 

1»— 24 

5,408 

10  0 

10-3 

6  1 

13-8 

10  1 

1-8 

"21  -3 

72-9 

25-86 

2,484 

1*4 

1-8 

1-2 

0-4 

2-8 

0-9 

■  4-6 

12*6 

37-48 

1,520 

1-8 

2*4 

2-0 

1-2 

4-4 

0-7 

L  2-6] 

150 

Sod  fratn  Brandon. 


1—12 

5,286 

25-6 

24-7 

98-9 

35*0 

28-4 

19*4 

23*4 

250*4 

18—24 

3,488 

4-6 

8*4 

10-5 

18-2 

12*9 

7-6 

lost 

(57-2) 

25—36 

2,592 

16-4 

18-7 

3-8 

6*2 

2-8 

0-9 

"9*9 

[3-1] 

68-7 

87—48 

870 

2*4 

1-3 

0-8 

0*4 

2  0 

0-7 

10-7 

Soil  from  Selkirk, 


1—12 

17,304 

134-8 

97-4 

164-7 

69*7 

79  0 

60*8 

48*7 

655*1 

18—24 

8,448 

43*7 

72*8 

85*2 

36-2 

47-9 

43-5 

48-2 

877*6 

25—36 

2,736 

3-6 

6-7 

8*9 

1-6 

2*8 

1-0 

[7-6] 
[2*4] 

27-2 

37—48 

1,487 

0*7 

0*8 

2*7 

1*2 

2*9 

0*8 

11-6 

Soil  from  Winnipeg. 


1—12 

11,984 

106*6 

80-8 

161-7 

98  1 

64-8 

69*4 

79  1 

650*0 

18—24 

10,464 

19*0 

79*2 

77*7 

57*5 

69-7 

12-6 

56*8 

872-5 

25—86 

5,688 

44*6 

63-5 

28-6 

43-8 

39*2 

7-7 

[49  1 

[89-4] 

276*0 

37--48 

4,045 

21*6 

30  8 

2-7 

16-2 

1*0 

2  1 

112*8 

not  without  significance,  as  oonyejing  an  idea  of  how  freely  these 
soils  will  yield  up  their  nitrogen  in  an  available  form,  when  subjected 
to  favourable  conditions  of  cultivation,  and  of  drainage  if  need  be, 
favouring  aeration,  with,  at  the  same  time,  suitable  moisture  and 
temperature.     It  must  be  borne  in  mind,  however,  that  this  ready 
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suflceptibilitj  to  oxidation  of  the  nitrogen  is  a  source  of  loss  rather 
than  of  gain,  if  the  nitrates  are  not  taken  up  by  crops,  but  are  ailoveed 
to  encourage  the  growth  of  weeds,  or  to  be  lost  bj  drainage. 

It  should  be  added  that  qualitative  examinations  lead  to  the  con- 
clusion that  these  soils  are  not  deficient  in  the  necessary  mineral 
constituents.*  They  are,  in  fact,  virgin  soils  of  great  fertility,  accu- 
mulated by  ages  of  natural  vegetation,  with  little  or  no  removal. 
There  is  abundant  evidence  that  they  are  capable  of  yielding  large 
crops ;  but  that,  under  present  conditions,  they  do  not,  on  the  average, 
yield  amounts  of  produce  at  all  commensurate  with  their  richness 
compared  with  the  soils  of  Great  Britain  which  have  been  under 
arable  cultivation  for  centuries,  there  can  be  no  doubt ;  for,  according 
to  official  records,  their  average  yield  of  wheat  per  acre  is  even  con- 
siderably less  than  that  of  the  United  Kingdom. 

That  the  rich  prairie  soils  of  the  North-west  do  not  yield  higher 
amounts  of  produce  than  they  do,  is  due  in  part  to  vicissitudes  of 
climate,  and  to  short  seasons  of  growth,  but  largely  to  scarcity  of 
labour,  and  consequent  imperfect  cultivation,  leading,  with  other  dis- 
advantages, to  a  luxuriant  growth  of  weeds.  Then,  again,  in  the 
early  years  of  settlement,  and  until  mixed  agricultiire  and  stock 
feeding  can  be  had  recourse  to,  and  local  demand  arises,  the  burning 
of  the  straw,  and  the  deficient  production,  or  the  disregard  and  waste, 
of  manure,  are  more  or  less  unavoidable,  but  nevertheless  very 
exhausting  practices.  So  long  as  land  is  cheap,  and  labour  dear, 
some  sacrifice  of  fertility  is  inevitable  in  the  process  of  bringing  these 
virgin  soils  under  profitable  cultivation ;  and  the  only  remedy  is  to 
be  found  in  increase  of  population  Still,  the  fact  should  not  be  lost 
sight  of,  that  such  practices  of  early  settlement  do  involve  a  serious 
waste  of  fertility. 

It  will  be  of  interest  here  to  contrast  the  condition  of  soils  of 
very  different  history,  as  to  their  pei*centages  of  nitrogen,  and  so  far 
as  we  are  able,  of  carbon  also. 

Table  IX,  p.  419,  shows  the  characters,  in  these  respects,  of 
exhausted  arable  soils,  of  newly  laid  down  pasture,  and  of  old  pasture 
soils,  at  Bothamsted,  of  some  other  old  arable  soils,  of  some  Illinois 
and  Manitoba  prairie  soils,  and,  lastly,  of  some  very  rich  Russian  soils. 

From  these  results  there  can  be  no  doubt,  that  a  characteristic  of  a 
rich  virgin  soil,  or  of  a  permanent  pasture  surface  soil,  is  a  relatively 
high  percentage  of  nitrogen  and  of  carbon,  and  a  high  relation  of  car- 
bon to  nitrogen.  On  the  other  hand,  a  soil  that  has  long  been  in  arable 
culture  is  much  poorer  in  these  respects ;  whilst  an  arable  soil  under  con- 

*  See  reference  to  Dr.  yoelcker**  analyses  of  Illinois  prairie-soil,  p.  409 ;  also  an 
analysis  of  a  Manitoba  prairie-soil,  by  Dr.  J.  M.  H.  Munro,  Cfhem.  Newt^  April  2, 
1885. 
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Table  IX. 
Nitrogen  and  Carbon  in  Yarions  Soils. 


Date 

of  Mil 

sainpltng. 


In  dry  sifted  toil.* 


Nitrogen. 


Carbon. 


Carbon 

tol 
nitrogen., 


Aathority. 


Bothamsted  Arable  and  Orasnt  Soils. 


Boots  184S-4»2;  bariey  1863-5A;  Boota  18Ae-69;  mineral 
manures   

Wheat  1848-44,  and  e»ch  year  since ;  mineral  manures  | 

Barley  1852,  and  each  year  since;  mineral  manures...  | 

Arable  laid  down  to  grass  (ten  acres),  spring  1879 

(Bamfleld),  spring  1874 

(Appletree  field),  spring  1863 

(Dr.  Qilben*s  meadow),  spring  1868 
(Highfleld),  spring  (?)  18S8  

Very  old  grass  land  (The  Park) < 


April  1870 

Oct.  1865 

Oct.  1881 

Mar.  1868 

Mar.  1882 

Feb.  1882 

Feb.  1882 

Not.  1881 

Jan.  1879 

Sept  1878 

Feb.  and 

Mar.  1876 


Per  cent. 
0-0984 
1119 
1012 
1202 
-1124 
-1236 
1609 
-1740 
0-2067 
0-1948 

0*2466 


0 

0 

0 

0 

0- 

0 

0" 


} 


Percent. 

1-089 
1-079 

1-164 


2*412 
2*408 

3*877 


Percent. 

9*8 

10*7 

10*8 


11 
12 


•7 
'4 


13*7 


Bothamsted. 


»» 
t» 

»» 
li 


Various  Arable  Soils  in  Great  Britain. 


Mr.  Prout's  farm,  Broadfield,  surface 
„  Blaokacre        „ 

,.  Whitemoor      „ 

Wheat  soil,  Midlothian 

„       Bastlothian    

„       Perthshire 

„       Berwickshire 

Bed  sandstone  soil,  England  


0*170 
0-107 
0-171 

— 

— 

0-22 
0-13 
0-21 
0-14 

— 

— 

0*18 

"^ 

—         Voelcker. 

i« 
Anderson. 

n 

tl 
t» 

▼oelcker. 


United  States  and  Canadian  Prairie  Soils. 


lUinoU,  n.S.  No.  1. 
No.  2. 
No.  8. 
No.  4. 


It 
tl 


Portage  la  Prairie,  Manitoba,  surface  

Saskatchewan  district,  N.W.  territory,  surface 
40  miles  from  Port  EUice,  N.W.  territory    „ 


NlTerrille, 

Manitoba, 

1st  12  inches 

Brandon, 

tf 

11 

Selkirk, 

11 

t» 

Winnipeg, 

•  It 

11 

13*1 
14-2 
12-3 
12*2 


Voelcker. 

II 
It 
It 

Bothamsted. 
tt 
It 

It 

II 
1* 
It 


Russian  Soils, 


No.  1,  12  inches 
No.  2,    8       . 

No,  8,    6  „ 

No.  4,    6  „ 

No.  5,  11  „ 

No.  8,  17  „ 

No.  7,    9  ^, 


0-807 

0*467 

^ 

"*        1 

0  188 

^ 

0*130 

.. 

0-806 

— 

.^ 

0*281 

— . 

.. 

0*409 

^■^ 

^^ 

—  C.  Schmidt. 


tl 
II 
tt 
It 
It 
II 


*  Calculated  on  soil  dried  at  100<*  C. 
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ditiona  of  knoioi  agricnltural  exbaiistion  shows  verj  low  percentages 
of  nitrogen  and  carbon,  and  a  low  relation  of  carbon  to  nitrogen. 

In  conelnsiony  it  has  been  maintained  by  some  that  a  soil  is  a 
laboratory  and  not  a  mine,  bnt  not  only  the  facts  adduced  in  this  and 
in  former  papers,  bnt  the  history  of  agricnltore  throughout  the  world, 
so  far  as  it  is  known,  clearly  show  that  a  fertile  soil  is  one  which  has 
accumulated  within  it  the  residue  of  ages  of  previous  vegetation,  and 
that  it  becomes  infertile  as  this  residue  is  exhausted. 

Swmmary  and  Conclusians, 

1.  The  annual  yield  of  nitrogen  per  acre  in  various  crops,  grown  for 
many  years  in  succession  on  the  same  land  without  nitrogenous 
manure,  was  found  to  be  very  much  greater  than  the  amount  of  com- 
bined nitrogen  annually  coming  down  in  rain  and  the  minor  measur- 
able aqueous  deposits. 

2.  So  far  as  the  evidence  at  command  enables  us  to  judge,  other 
supplies  of  combined  nitrogen  from  the  atmosphere,  either  to  the  soil 
or  to  the  plant  itself,  are  quite  inadequate  to  make  up  the  defimency. 

3.  The  experimental  evidence  as  to  whether  plants  assimilate  the 
free^itrogen  of  the  atmosphere  is  very  conflicting ;  but  the  balance  is 
decidedly  against  the  supposition  that  they  so  derive  any  portion  of 
their  nitrogen. 

4t,  When  crops  are  grown  year  after  year  on  the  same  land,  for  many 
/ears  in  succession  without  nitrogenous  manure,  both  the  amount  of 
produce  per  acre,  and  the  amount  of  nitrogen  in  it,  decline  in  a  very 
marked  degree.  This  is  the  case  even  when  a  full  mineral  manure  is 
applied ;  and  it  is  the  case  not  only  with  cereals  and  with  root-crops, 
but  also  with  LeguminoscB. 

5.  Determinations  of  nitrogen  in  the  soils  show  that,  coincidently 
with  the  decline  in  the  annual  yield  of  nitrogen  per  acre  of  these  very 
various  descriptions  of  plant,  grown  without  nitrogenous  manure, 
there  is  also  a  decline  in  the  stock  of  nitrogen  in  the  soil.  Thus  a 
soil-source,  of  at  any  rate  some,  of  the  nitrogen  of  the  crops  is  indi- 
cated.    Other  evidence  pointed  in  the  same  direction. 

6.  Detenninations  of  the  nitrogen  as  nitric  acid,  in  soils  of  known 
history  as  to  manuring  and  cropping,  and  to  a  considerable  depth, 
showed  that  the  amount  of  nitrogen  in  the  soil  in  that  form  was  much 
less  after  the  growth  of  a  crop  than  under  corresponding  conditions 
without  a  crop.  This  was  the  case  not  only  with  gramineous  but  with 
leguminous  crops.  It  was  hence  concluded  that  nitrogen  had  been 
taken  up  as  nitric  acid  by  the  growin^r  crops. 

7.  In  the  case  of  gramineous  crop-soils,  the  evidence  pointed  to  the 
conclusion  that  most,  if  not  the  whole,  of  the  nitrogen  of  the  crops 
was  taken  up  as  nitric  acid  from  the  soil. 
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8.  In  the  experiments  witH  leguminous  crop-soils,  it  was  clear  that 
some  at  any  rate  of  the  nitrogen  had  been  taken  up  as  nitric  acid.  In 
some  cases,  the  evidence  was  in  favour  of  the  supposition  that  the 
whole  of  the  nitrogen  had  been  so  taken  up.  In  others  this  seemed 
doubtful. 

9.  Although  in  the  growth  of  leguminous  crops  year  after  year  on 
the  same  land  without  nitrogenous  manure,  the  crop,  the  yield  of 
nitrogen  in  it,  and  the  total  nitrogen  in  the  surface  soil,  greatly  decline, 
yet,  on  the  substitution  of  another  plant  of  the  same  family,  with  dif- 
ferent root-habit  and  root-range,  large  crops,  containing  large  amounts 
of  nitrogen,  may  be  grown.  Further,  in  the  case  of  the  occasional 
growth  of  a  leguminous  crop,  red  clover  for  example,  after  a  number 
of  cereal  and  other  crops,  manured  in  the  ordinary  way,  not  only  may 
there  be  a  veiy  large  amount  of  nitrogen  in  the  crop,  presumably 
derived  from  the  subsoil,  but.  the  surface  soil  becomes  determinably 
richer  in  nitrogen,  due  to  crop-residue. 

10.  It  was  found  that,  under  otherwise  parallel  conditions,  there 
was  very  much  more  nitrogen  as  nitric  acid,  in  soils  and  subsoils  down 
to  a  depth  of  108  inches,  where  leguminous  than  where  gramineous 
crops  had  grown.  The  results  pointed  to  the  conclusion  that,  under 
the  influence  of  leguminous  growth  and  crop-residue,  the  conditions 
were  more  favourable  for  the  development  of  the  nitrifying  organisms, 
and,  especially  in  the  case  of  deep-rooting  plants,  of  their  distribu- 
tion, thus  favouring  the  nitrification  of  the  nitrogen  of  the  subsoil, 
which  so  becomes  a  source  of  the  nitrogen  of  such  crops. 

11.  An, alternative  was  tbat  the  plants  might  take  up  at  any  rate 
part  of  their  nitrogen  from  the  soil  and  subsoil  as  organic  nitrogen. 
Direct  experimental  evidence  leads  to  the  conclusion  that  fung^i  take 
up  both  Clonic  nitrogen  and  organic  carbon,  but  there  is  at  present 
no  direct  experimental  evidence  in  favour  of  the  view  that  green- 
leaved  plants  take  up  either  nitrogen  or  carbon  in  that  form  from  the 
soil ;  whilst  there  are  physiological  considerations  which  seem  to  mili- 
tate against  such  a  view. 

12.  In  the  case  of  plots  where  Trifolium  repena  and  Vicia  scUtva  had 
been  sown,  each  for  several  years  in  succession,  on  soil  to  which 
no  nitrogenous  manure  had  been  applied  for  about  30  years,  and 
the  surface  soil  had  become  very  poor  in  nitrogen,  both  tbe  soil  and 
subsoil  contained  much  less  nitrogen  as  nitric  acid  where  good  crops 
of  Vicia  sativa  had  grown,  than  where  the  more  shallow-rooted  Trifo^ 
liwn  repens  had  failed  to  grow  ;  and  the  deficiency  of  nitric  nitrogen 
in  the  soils  and  subsoils  of  the  Vicia  saliva  plots,  compared  vnth  the 
amount  in  those  of  the  Trifolium  repens  plot,  was,  to  the  depth  ex- 
amined, sufficient  to  account  for  a  large  proportion  of  the  nitrogen  of 
the  Vicia  crops. 
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13.  It  may  be  considered  established,  that  much,  if  not  the  whole, 
sof  the  nitrogen  of  crops  is  derived  from  nitrogen  within  the  soil — 

accnmnlated  or  supplied ;  and  that  muoh,  and  in  some  cases  the  whole, 
of  the  nitrogen  so  derived,  is  taken  up  as  nitrates. 

14.  An  examination  of  a  number  of  United  States  and  Canadian 
prairie  soils  showed  them  to  be  very  much  richer  in  both  nitrogen  and 
carbon,  to  a  considerable  depth,  than  the  surface  soil  of  old  arable 
lands  in  Great  Britain,  and  about  as  rich,  to  a  much  greater  depth,  as 
the  surface  soil  of  permanent  pasture  land. 

15.  On  exposure  of  portions  of  some  of  these  rich  prairie  soils, 
under  suitable  conditions  of  temperature  and  moisture,  fur  specified 
periods,  it  was  found  that  their  nitrogen  was  readily  susceptible  of 
nitrification,  and  so  of  becoming  easily  available  to  vegetation. 

16.  After  several  extractions,  the  subsoils  almost  ceased  to  give  np 
nitric  acid ;  but  on  seeding  them  with  a  tenth  of  a  gram  of  rich  garden 
soil  containing  nitrifying  organisms,  there  was  a  marked  increase  in 
the  rate  of  nitrification.  This  result  afforded  confirmation  of  the  view 
that  the  nitrogen  of  subsoils  is  subject  to  nitrification,  if  under 
suitable  conditions,  and  that  the  growth  of  deep-rooted  plants  may 
favour  nitrification  in  the  lower  layers. 

17.  Under  favourable  conditions  of  season  and  of  cultivation,  the 
rich  prairie  soils  yield  large  crops ;  but,  under  the  existing  conditions  of 
early  settlement,  they  do  not,  on  the  average,  yield  crops  at  all  com- 
mensurate with  their  richness,  when  compared  with  the  soils  of  Great 
Britain  which  have  been  under  arable  culture  for  centuries.  But 
60  long  as  the  land  is  cheap,  and  labour  dear,  some  sacrifice  of  fertility 
is  unavoidable  in  the  process  of  bringing  these  rich  virgin  soils  under 
profitable  cultivation. 

18.  A  comparison  of  the  percentages  of  nitrogen  and  carbon  in 
various  soils  of  known  history,  showed  that  a  characteristic  of  a  rich 
virgin  soil,  or  of  a  permanent  pasture  surface  soil,  was  a  relatively 
high  percentage  of  nitrogen  and  carbon.  On  the  other  hand,  soils 
which  have  long  been  under  arable  culture  are  much  poorer  in  these 
respects ;  whilst  arable  soils  under  conditions  of  known  agricultural 
exhaustion,  show  a  very  low  percentage  of  nitrogen  and  carbon,  and 
a  low  proportion  of  carbon  to  nitrogen. 

19.  Not  only  the  facts  adduced  in  this  and  in  former  papers,  but 
the  history  of  agriculture  throughout  the  world,  so  far  as  it  is  known, 
clearly  show  that,  pre-eminently  so  far  as  the  nitrogen  is  concerned,  a 
fertile  soil  is  one  which  has  accumulated  within  it  the  residue  of 
ages  of  natural  vegetation,  and  that  it  becomes  infertile  as  this  residue 
is  exhausted. 
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NOTE  ON  DR.  GILBERT'S  LECTURE. 

It  has  been  announced  that  Sir  John  Bennet  Lawes,  in  arranging  for  the  perpetual 
maintenance  of  the  great  work  of  Rothamsted,  makes  provision  for  a  representative 
of  that  establishment  to  visit  America  every  other  year  and  lecture  at  appropriate 
places. 

Dr.  Gilbert  was  in  the  United  States  in  1882,  and  when  it  was  known  that  he  was 
to  come  again  in  1884,  efforts  were  made  to  have  him  attend  the  fifth  annual  meeting 
of  the  Society  for  the  Promotion  of  Agricultural  Science.  As  his  various  engagements 
unfortunately  prevented  his  being  in  Philadelphia  at  the  time  desired,  arrangements 
were  there  made  to  secure  lectures  from  him  at  other  places.  He  accordiogly  visited 
Lansing,  Michigan,  and  New  Brunswick,  New  Jersey,  for  the  purpose,  and  found 
appreciative  audiences  at  both  places. 

The  lecture  at  Rutgers  Collie  was  under  the  joint  auspices  of  the  New  Jersey 
Agricultural  Experiment  Station,  State  Agricultural  College,  and  State  Board  of 
Agriculture. 

The  Society  for  the  Promotion  of  Agricultural  Science,  having  intended  this 
lecture  to  be  a  part  of  its  proceedings  at  Hiiladelphia,  have  asked  and  obtained  per- 
mission to  first  publish  the  same  in  this  pamphlet.  For  this  purpose  the  text  has 
been  carefully  revised  and  the  tables  verified  by  Dr.  Gilbert  This  kind  attention 
is  gratefully  acknowledged  by 

The  Executiyk  Committeb. 


NOTE  ON  THE  RE-PRINT  IN  1889. 


With  the  exception  of  a  few  typographical  corrections,  the  addition  of  the  Table 
of  Contents  at  the  top  of  the  next  page,  and  some  corresponding  cross-titles  in  the 
body  of  the  pamphlet,  this  is  strictly  a  reprint  of  the  Lecture  as  published  in  America, 
as  above  referred  to. 

It  mav  be  added  that,  so  far  as  the  results  relating  to  the  Growth  of  Wheat  are 
concemea  (p.  7  et  seq.),  substantially  the  same  matter  formed  the  basis  of  a  Lecture 
given  at  the  Royal  Agricultural  College,  Cirencester,  on  June  16,  1885,  so  that  this 
may,  so  far,  also  stand  for  the  separate  publication  of  that  Lecture,  which  was  the 
first  of  a  series  given  at  Cirencester  on  the  Rothamsted  Experiments ;  the  second 
being  on  Barley,  the  third  on  Root-crops,  and  the  fourth  on  Potatoes,  each  of  which 
has  dready  been  separately  published. 

J.  H.  Gilbert. 
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Mr,  President^  Professors  and  Students  of  Rutgers  College^ 

and  Ladies  and  Gentlemen  : 

1  ESTEEM  it  a  high  honour  and  a  great  responsibility  to  be  called  upon 
to  address  you  on  the  present  occasion ; — an  honour  because,  perhaps, 
I  am  not  assuming  too  much  in  supposing  that  I  owe  the  invitation  to 
do  so  to  the  fact  that  the  joint  labours  of  Sir  John  Bennet  Lawes  and 
myself,  in  the  furtherance  of  agricultural  progress,  which  have  now 
extended  over  a  period  of  more  than  forty-one  years,  are  held  in  some 
appreciation  in  this  country ; — and  a  responsibility,  because  I  know  that 
I  have  before  me  representatives  of  the  best  agricultural  science  in  the 
Eastern  States. 

On  hearing  from  Sir  John  Lawes,  before  leaving  home,  that  I  might 
probably  be  asked  to  lecture  at  some  Agricultural  Institutions  in 
America,  I  at  once  decided  that  it  would  be  inappropriate  for  me  to 
attempt  to  discuss,  in  any  detail,  American  agricultural  practices  or 
experiments ;  that  in  these  matters  I  shoHld  be  a  learner  rather  than  a 
teacher ;  and  that  it  would  be  more  suitable  for  me  to  give  some  account 
of  the  results  obtained  at  Rothamsted,  leaving  my  audience  to  decide 
for  themselves,  in  great  measure,  how  far  the  facts  and  the  conclusions 
were  applicable  to  American  conditions. 

In  Germany  and  France  very  much  good  work  has  been  done,  both 
in  the  laboratory  and  feeding-shed,  during  the  last  thirty  years  or  more ; 
but  in  Germany,  at  any  rate,  we  have  it  on  the  authority  of  Prof. 
Masrcker  of  Halle,  one  of  their  leading  agricultural  chemists,  that 
systematic  field  experiments  are  almost  abandoned  in  that  country. 
In  1S80,  Prof.  Maercker  stated  that  belief  in  their  value  was  greatly 
diminished,  and  that  by  some  they  were  declared  to  be  of  no  value.     It 
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was  objected  that  the  chemists  of  the  Agricultural  Stations  have  neither 
the  means  nor  the  technical  knowledge  necessary  for  carrying  out  such 
experiments  successfully ;  that  neither  the  amount  of  land  nor  the  funds 
at  their  disposal  were  such  as  to  admit  of  any  safe  deductions  for  appli- 
cation in  practical  agriculture  from  the  results ;  and  that  purely  physio- 
logical problems  could  be  better  investigated  in  the  laboratory  or  in  the 
greenhouse.  He  remarked  that,  owing  to  the  errors  necessarily  incident 
to  field  experiments  conducted  by  those  not  acquainted  with  practical 
agriculture,  the  confidence  of  the  practical  farmer  in  the  results  has 
been  shaken.  Indeed,  owing  to  the  difficulties  and  the  cost  of  such 
inquiries,  if  conducted  in  a  truly  scientific  manner,  so  as  to  be  applic- 
'  able  for  the  solution  of  questions  of  fundamental  and  general  interest, 
Prof.  Maercker  concluded  that  the  only  field  experiments  which  it  was 
practicable  to  carry  out  in  Germany  were  such  as  should  be  conducted 
by  the  practical  farmer  himself,  to  test  the  applicability  to  practice,  of 
results  and  conclusions  otherwise  arrived  at;  and  that,  to  insure  that 
even  such  experiments  should  not  be  misleading,  similar  ones  should  be 
conducteil  on  different  descriptions  of  soil,  and  for  several  years  in 
succession. 

That  the  great  cost  of  scientifically  conducted  field  experiments 
should  have  prevented  the  more  extended  prosecution  of  them,  is 
perhaps  not  surprising  when  I  tell  you  that  the  Rothamsted  field  ex- 
periments, independently  of  all  the  laboratory  investigations  connected 
With  them,  cost  considerably  more  than  ;^iooo  annually;  whilst  those 
which  have  been  undertaken  by  the  Duke  of  Bedford  at  Wobum  for  the 
past  seven  years,  on  behalf  of  the  Royal  Agricultural  Society  of  England, 
and  which  are  under  the  direction  of  Dr.  Voelcker,  cost  not  much  less 
than  this. 

At  various  institutions  in  America,  and  preeminently  at  the  New 
Jersey  Agricultural  Experiment  Station,  very  much  good  work  is  being 
done  of  the  character  prosecuted  with  so  much  success  in  Germany,  and 
recommended  by  Prof.  Maercker  to  be  still  further  followed  up;  and 
whilst  such  work  should  be  continued  and  extended,  surely  investigations 
of  a  more  permanent  value,  and  of  more  general  application,  should  not 
be  neglected.  Nor  can  it  be  supposed  ^at  in  so  wealthy  a  country  as 
America,  where  there  is  so  much  munificence  and  public  spirit  displayed 
in  all  matters  of  progress,  the  cost  of  scientifically  conducted  agricultural 
experiments  will  be  any  obstacle. 

This  brings  me  to  the  special  subject-matter  of  my  lecture,  which  is 
to  illustrate  the  value  of  long  continued  and  carefully  conducted  experi- 
ments, by  reference  to  the  results  of  one  series  of  such  experiments 
conducted  at  Rothamsted, — namely,  those  on  the  growth  of  wheat  for 
more  than  forty  years  in  succession  on  the  same  land — without  manure^ 
with  farm-yard  manure^  and  with  a  ^^a/  variety  of  chemical  manures. 

But,  before  entering  upon  the  details  of  this  subject,  it  will  be  well  to 
give  some  account  of  the  scope  and  plan  of  the  whole  investigation,  of 
which  these  special  results  only  form  a  part 

At  Rothamsted,  no  questions  of  mere  local  interest  or  economy  are 
undertaken.  The  object  is  rather  to  investigate  the  principles  under- 
lying fiindamental  practices  ;  and  whilst  results  obtained  in  one  locality, 
on  one  description  of  soil,  and  with  one  character  of  climate,  require  to 
be  carefully  studied  before  conclusions  applicable  to  other  localities  and 
to  other  countries  can  be  drawn,  yet  it  is  believed  that  the  results  which 
have  been  obtained  are  of  very  general  and  wide  application. 


The  genera]  scope  and  plan  of  the  field  experiments  has  been — to 
grow  some  of  the  most  important  crops  of  rotation,  each  separately, 
year  after  year,  for  many  years  in  succession  on  the  same  land,  without 
manure,  with  farm-yard  manure,  and  with  a  great  variety  of  chemical 
manures,  the  same  description  of  manure  being,  as  a  rule,  applied  year 
after  year  on  the  same  plot  Experiments  with  different  manures  on  the 
mixed  herbage  of  permanent  grass-land,  on  the  effects  of  fallow,  and  on 
an  actual  course  of  rotation,  without  manure,  and  with  different  manures, 
have  likewise  been  made.  Field  experiments  have  thus  been  conducted 
for  the  periods,  and  over  the  areas,  indicated  in  the  following  table  : 


BOTHAMOTED  FIELD  EXPEBIMENT8. 


OBOP& 

DUBATION, 

TEABS. 

▲BEA, 
AUKES. 

PLOTS. 

Wheat  (various  manures) 

Wheat  alternated  with  fitllow 

41 
83 
15 
33 
10» 
32» 
27» 
28* 
30» 
7 
28« 
5 
9 

13 
1 

4-8 
4i 

i 

IJ 
1 

1 

3 

3 

8 
8 
8 

2 

2J 

7 

37 
2 

V^lieat  rvarieties) 

Aboi](t  20 

Barley  (various  manures) 

Oats  (various  manures)    

Seans  (various  manures) 

29 

6 

10 

Beans  (various  manures) 

Beans  alternated  with  wheat 

Clover  (various  mnnures)    

5 

10 
18 

Various  Lesmminous  Plants   

17 

Turnips  (various  manures) 

Sugar  Beet  (various  manures)    

Mangel  Wurzel  (various  manures)    

40 
41 
41 

Total  Boot  Chrops 

42 

Potatoes  (various  manures) 

Botation  (various  manures) 

Permanent  Grass  (various  manures) 

9 
37 
29 

10 
12 
22 

0)  Including  1  year  fallow. 
(')  „        1     »)    wheat  and  5  years  fallow. 

(•)  „        4  years  fallow. 

C*)  >»        2     „        „ 

(*)  Glover,  12  times  sown,  8  yielding  orops,  but  4  of  them  very  small,  1  year 
wheat,  5  years  barley,  12  years  fallow. 

(*)  Including  barley  without  manure  3  years  (11th,  12th  and  13th  seasons). 


Samples  of  all  the  experimental  crops  are  brought  to  the  laboratory. 
Weighed  portions  of  each  are  partially  dried  and  preserved  for  future 
reference  or  analysis.  Duplicate  weighed  portions  of  each  are  dried  at 
ICO*'  C,  the  dry  matter  determined,  and  then  burnt  to  ash.  The  quantities 
of  ash  are  determined  and  recorded,  the  ashes  themselves  being  pre- 
served for  reference  or  analysis.  In  a  large  proportion  of  the  samples 
the  total  nitrogen  is  determined,  and  in  some  thq  amount  existing  as 
albuminoids,  amides,  and  nitric  acid  In  selected  cases,  illustrating  the 
influence  of  season,  manures,  exhaustion,  &c.,  complete  ash-analyses 
have  been  made,  numbering  in  all  more  than  700.  Also  in  selected  cases, 
illustrating  the  influence  of  season  and  manuring,  quantities  of  the 
experimentally  grown  wheat-grain  have  been  sent  to  the  mill,  and  the 
proportion  and  composition  of  the  different  mill-products  have  been  deter- 
mined. In  the  sugar-beet,  mangel-wurzel,  turnips,  and  potatoes,  the 
sugar  in  the  juice  has,  in  many  cases,  been  determined,  by  polariscope, 
or  by  copper,  or  both.     In  the  case  of  the  experiments  oh  the  mixed 


herbage  of  permanent  grass-land,  besides  the  samples  taken  for  the 
determination  of  the  chemical  composition  (diy  matter,  ash,  nitrogen, 
woody  fibre,  fatty  matter,  and  composition  of  ash),  carefully  averaged 
samples  have  frequently  been  taken  for  the  determination  of  the 
botanical  composition. 

Samples  of  the  soils  of  most  of  the  experimental  plots  have  been 
taken  from  time  to  time,  generally  to  the  depth  of  nine,  eighteen,  and 
twenty-seven  inches,  and  sometimes  even  to  four  times  this  depth.  In 
this  way  more  than  fifteen  hundred  samples  have  been  taken,  submitted 
to  partial  mechanical  separation,  and  portions  of  the  sifted  soil  have 
been  carefully  prepared  and  preserved  for  analysis.  In  a  large  proportion 
of  the  samples  the  loss  on  dr3ring  at  different  temperatures,  and  on  igni- 
tion, has  been  determined.  In  most,  the  nitrogen  determinable  by  burn- 
ing with  soda-lime  has  been  estimated.  In  many,  the  carbon,  and  in  some 
the  nitrogen  as  nitric  acid,  and  the  chlorine,  have  been  determined. 

Almost  from  the  commencement  of  the  experiments  the  rain-faU  has 
been  measured  ;  for  more  than  thirty  years  in  a  gauge  of  one-thousandth 
of  an  acre  area,  as  well  as  in  an  ordinary  small  ftmnel-gauge  of  five 
inches  diameter.  From  time  to  time  the  nitrogen  as  ammonia  (and 
sometimes  as  nitric  acid)  has  been  determined  in  the  rain-waters,  also 
chlorine  in  many  samples. 

Three  drain-gauges,  for  the  determination  of  the  quantity  and  compo- 
sition of  the  water  percolating,  respectively  through  twenty  inches,  forty 
inches,  and  sixty  inches  depth  of  soil  (with  its  subsoil  in  natural  state  of 
consolidation),  have  also  been  constructed.  Each  of  the  differently 
manured  plots  of  the  permanent  experimental  wheat-field  having  a 
separate  pipe-drain,  the  drainage  waters  have  been,  and  are  frequently, 
collected  and  analysed. 

For  several  years  in  succession,  experiments  were  made  to  determine 
the  amount  of  water  given  off  by  plants  during  their  goDwth.  In  this 
way  various  plants,  including  representatives  of  the  gramineous,  the 
leguminous,  and  other  families,  have  been  experimented  upon ;  also  ever- 
green and  deciduous  trees. 

Experiments  upon  the  feeding  of  animals  were  commenced  in  1847, 
and  have  been  continued  at  intervals  up  to  the  present  time.  The 
following  points  have  been  investigated : 

1.  The  amount  of  food,  and  of  its  several  constituents,  consumed  in 
relation  to  a  given  live-weight  of  animal  within  a  given  time. 

2.  The  amount  of  food,  and  of  its  several  constituents,  consumed  to 
produce  a  given  amount  of  increase  in  live-weight 

3.  The  proportion,  and  relative  development,  of  the  different  organs 
or  parts  of  different  animals. 

4.  The  proximate  and  ultimate  composition  of  the  animals,  in  different 
conditions  as  to  age  and  fatness,  and  the  probable  composition  of  their 
increase  in  live-weight  during  the  fattening  process. 

5.  The  composition  of  the  solid  and  liquid  excreta  (the  manure)  in 
relation  to  that  of  the  food  consumed. 

6.  The  loss  or  expenditure  of  constituents  by  respiration  and  the  cuta- 
neous exhalations — ^that  is,  in  the  mere  sustenance  of  the  living  meat- 
and-maniu:e-making  machine. 

Several  hundred  animals—oxen,  sheep,  and  pigs — ^have  been  sub- 
mitted to  experiment    The  amount,  and  the  relative  development,  of 
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the  different  organs  and  parts  were  determined  in  two'calves,  two  heifers, 
fourteen  bullodcs,  one  lamb,  two  hundred  and  forty-nine  sheep,  and 
fifty-nine  pigs.  The  percentages  of  water,  mineral  matter,  fat,  and  nitro- 
genous substances,  were  determined  in  certain  separated  parts,  and  in 
the  entire  bodies,  of  ten  animals, — namely,  one  calf,  two  oxen,  one  lamb, 
four  sheep,  and  two  pigs.  Complete  analyses  of  the  ashes,  respectively, 
of  the  entire  carcasses,  of  the  mixed  internal  and  other  *^  offal "  parts^  and 
of  the  entire  bodies,  of  each  of  these  ten  animals,  have  also  been  made. 

From  the  data  provided  as  just  described  as  to  the  chemical  compo- 
sition of  the  different  descriptions  of  animal,  in  different  conditions  as  to 
age  and  fatness,  the  composition  of  the  increase  whilst  fattening,  and  the 
relation  of  the  constituents  stored  up  in  increase  to  those  consumed 
in  food,  have  been  estimated.  To  ascertain  the  composition  of  the 
manure  in  relation  to  that  of  the  food  consumed,  oxen,  sheep,  and  pigs 
have  been  experimented  upon.  The  loss  or  expenditure  of  con- 
stituents, by  respiration  and  the  cutaneous  exhalations,  has  not  been 
determined  directly,  but  only  by  difference, — that  is,  by  calculation, 
founded  on  the  amounts  of  dry  matter,  ash,  nitrogen,  &c.,  in  the  food, 
and  in  the  (increase)  faeces,  and  urine. 

Independently  of  the  points  here  enumerated,  the  results  obtained 
have  supplied  data  for  the  consideration  of  the  following  questions : 

1.  The  characteristic  demands  of  the  animal  body,  for  nitrogenous  or 
non-nitrogenous  constituents  of  food,  in  the  exercise  of  muscular  power. 

2.  The  sources  in  the  food  of  the  fat  produced  in  the  animal  body. 

3.  The  comparative  characters  of  animal  and  vegetable  food  in  human 
dietaries. 

Results  op  Experiments  at  Rothamsted,  on  the  Growth  op 
Wheat  for  Forty  Years  in  succession  on  the  same  Land. 

Having  given  a  brief  outline  of  the  scope  and  plan  of  the  investiga- 
tions that  have  been  in  progress  at  Rothamsted  for  so  many  years,  I 
propose  to  draw  my  illustrations  as  to  the  character  and  significance  of 
the  results  obtained,  mainly  from  those  relating  to  the  growth  of  wheat 
for  more  than  forty  years  in  succession  on  the  same  land  : 

1.  Without  manure. 

2.  With  farm-yard  manure. 

3.  With  a  great  variety  of  chemical  manures,  both  individual  con- 
stituents and  mixtures. 

Table  I.  gives  the  number  of  bushels  of  dressed  grain  per  acre  without 
manure,  and  with  farm-yard  manure,  in  each  of  the  forty  years,  1844  to 
1883  inclusive;  and  on  some  of  the  artificially  manured  plots,  mainly 
SQlected  to  illustrate  the  effects  of  exhaustion  and  of  manure-residue.  In 
most  cases  in  this  table,  and  in  all  cases  in  the  subsequent  tables,  the 
results  obtained  on  the  artificially  manured  plots  are  only  given  for  the 
last  thirty-two  of  the  forty  years,  as  during  the  first  eight  years  the 
manures  were  not  the  same  year  after  year  on  the  same  plot  as  they 
were  subsequently. 

Without  Manure^ 

After  a  five-course  rotation  since  manuring  (turnips,  barley,  peas, 
wheat,  oats),  the  first  experimental  wheat  crop  was  harvested  in  1844. 
The  highest  yield  of  the  series  was  23^^  bushels  in  1845,  and  the  lo^irest 
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was  4%  bushels  in  1879.  Other  yields  have  been  si^fr  bushels  in  1854, 
20  in  1857,  only  5^  in  1853,  and  only  8-9  bushels  in  1867,  1875,  1876, 
and  1877. 

In  the  lower  division  of  the  table  (I.)  the  average  produce  is  given  for 
each  four  years,  each  eight  years,  each  sixteen  years,  and  for  the  thirty- 
two  years  from  1852  to  1883  inclusive;  also  for  the  whole  period  of 
forty  years.  Without  manure,  the  average  annual  produce  over  the 
four-year  period  was  14^ ,  17%,  14%,  12%,  13%,  lo^fe,  8^ ,  and  I2ji 
bushels;  over  the  eight-year  periods,  165^,  13^  ,  12^ ,  and  lo^i  ;  over 
the  sixteen-year  periods,  1^%  and  11^;  over  the  thirty-two  years,  13^, 
and  over  the  forty  years,  14  bushels.  With  such  wide  variations  due  to 
season,  it  is  very  difficult  to  estimate  the  rate  of  decline  due  to  exhaus- 
tion. Excluding  the  very  bad  seasons,  the  decline  due  to  gradual 
exhaustion  is  reckoned  at  from  one-fourth  to  one-third  of  a  bushel  per 
acre  per  annum. 

It  is  estimated  that  over  a  period  of  thirty  years,  the  unmanured  plot 
yielded  an  average  of  18.6  lbs.  of  nitrogen  per  acre  per  annum  in  the 
crop,  and  lost  a  minimum  of  10.3  lbs.  in  drainage,  in  all  28.9  lbs. ;  whilst 
on  the  mixed  mineral  manure  plot  (5),  it  is  estimated  that  the  crop  re- 
moved an  average  of  20.3  lbs.  of  nitrogen,  and  that  at  least  12  lbs.  were 
lost  by  drainage,  or  in  total  32.3  lbs.  Further  it  is  estimated  that  the 
soils  lost  to  the  depth  of  twenty-seven  inches  about  two-thirds  of  these 
amounts;  leaving,  say,  10  lbs.  more  or  less  to  be  otherwise  accounted 
for.  Of  this,  the  rain,  &c.,  would  supply  5  lbs.,  or  perhaps  rather  more, 
and  the  seed  about  2  lbs.,  so  that  there  is  but  little  to  be  provided  from 
all  other  sources.  Lasdy,  as  at  the  commencement  the  soil  was, 
agriculturally  speaking,  exhausted,  the  nitrogen  supplied  by  it  would 
be  largely  due  to  old  accumulations. 

Farm-yard  Manure  every  Year, 

In  the  application  of  farm-yard  manure  every  constituent  is  supplied 
in  excess.  The  highest  yields  of  the  series  of  years  were  44  bushels  in 
1863,41%  in  1868,  4iji  in  i857,and  41^  in  1854.  The  lowest  yields 
were  16  bushels  in  1879, 195&  in  1853,  ^^%  i^  iS44»  ^Z%  in  1^7^)  and 
2456  m  1877. 

The  average  produce  per  acre  per  annum  over  each  of  the  five  eight- 
year  periods  was  28,  34%,  35%,  355i  »  and  28^6  bushels.  Excluding 
the  first  eight  years,  and  several  of  the  recent  very  bad  seasons,  the 
average  produce  is  about  35  bushels  per  acre  per  annum. 

On  the  farm-yard  manure  plot,  the  first  nine  inches  of  soil  show  a 
great  accumulation ;  it  is  nearly  twice  as  rich  in  nitrogen  as  any  other 
plot,  yet  this  richness  is  not  proof  against  bad  seasons ;  nor  are  the 
highest  amounts  of  produce  in  the  field  obtained  on  this  plot 

Thus,  without  manure,  or  with  mineral  manure  alone,  there  is  a 
gradual  decline  in  3rield,  and  with  this  a  marked  reduction  in  the  nitrogen 
of  the  soil.  With  farm-yard  manure,  on  the  other  hand,  there  is  great 
accumulation,  and  yet  not  the  fullest  crops,  a  large  proportion  of  the 
constituents  becoming  very  slowly  available. 

Various  Artificial  Manures. 

The  next  question  is,  which  constituents  of  farm-yard  manure  are  the 
most  effective  for  wheat  in  this  agriculturally  exhausted  rather  heavy 
soil,  with  a  raw  clay  subsoil.  The  first  illustrations  on  this  point  will  be 
drawn  from  Table  II.  (p.  9). 


TABLE  II. 

Wheat  grown  for  forty  years  in  succemon  on  the  same  land, 

BroadbaUt  Fields  Bothanisted  :  commencing  1844. 

Besults  showing  the  effects  of  different  manures  for  32  years,  1852-83 
inclusive.   Quantities  per  acre.   Produce — Dressed  Grain  in  Bushels. 
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Taking  the  average  for  each  eight  or  sixteen  years  of  the  thirty-two,  it 
is  seen  that  in  every  case,  even  with  full  mineral  as  well  as  nitrogenous 
manure,  there  is  more  or  less  decline  in  the  later  periods,  including  so 
many  bad  seasons ;  excepting  on  9a,  where  the  nitrate  of  soda  is  always 
applied  in  the  spring.  The  low  results  or  great  decline,  on  9b,  where 
the  nitrate  is  used  alone,  show  the  want  of  minerals. 

The  average  of  the  thirty-two  years  of  mineral  manure  alone  shows 
an  increase  of  only  2^  bushels  over  that  of  the  unmanured  plot,  though 
during  the  preceding  eight  years  it  had  been  manured,  wlulst  the  un- 
manured plot  had  already  grown  eight  unmanured  wheat  crops.  The 
addition  to  the  mineral  manure  of  the  first  43  lbs.  of  nitrogen  (plot  6^ 
gives  an  average  annual  increase  of  8^  bushels,  the  second  43  lbs.  (plot  7; 
an  increase  o(S% ,  and  the  third  43  lbs.  (plot  8)  only  3^6  bushels  increase. 
This  result  affords  an  illustration  of  the  inapplicability  of  conclusions 
from  manure  experiments,  when  the  condition  of  the  land  is  too  high 
already,  or  when  an  excess  of  manure  is  applied.  A  given  quantity  of 
nitrogen  in  the  form  of  nitrate,  yielded  more  produce  than  an  equal 
quantity  in  the  form  of  ammonia.  The  nitrate,  being  always  applied  in 
the  spring,  was  not  subject  to  winter  drainage.  It  is,  however,  very 
soluble,  and  becomes  rapidly  distributed  and  available ;  but  it  is,  at  the 
same  time,  very  subject  to  ckainage  after  sowing,  if  heavy  rains  follow. 
Prior  to  1878,  the  ammonium-salts  were  applied  in  the  autumn,  and  a 
great  loss  of  nitrogen  by  winter  drainage,  chiefly  as  nitrates,  was  proved. 
To  the  loss  of  nitrogen  by  drainage  reference  will  be  made  further  on. 

Thus,  minerals  not  being  deficient,  the  increase  was  in  proportion  to 
the  available  nitrogen,  when  it  was  not  applied  in  excess. 

It  will  be  of  interest  here  to  call  attention  to  the  actual  amounts  of 
carbon  assimilated  per  acre  per  annum  in  wheat,  and  in  barley,  under 
different  conditions  of  manuring ;  also  to  the  increased  amount  assimi- 
lated under  the  influence  of  nitrogenous  manures. 

In  Table  III.  are  shown  the  estimated  amounts  of  carbon,  yielded  per 
acre  per  annum,  in  wheat  over  twenty  years,  and  in  barley  over  twenty 
years ;  each  with  the  complex  mineral  manure  alone,  and  each  with  the 
same  mineral  manure  and  given  quantities  of  nitrogen  in  addition, 
supplied  as  ammonium-salts,  or  as  nitrate.  The  gain  of  carbon  by  the 
use  of  the  nitrogenous  manure  is  also  given. 

TABLE  m. 
Yield  and  gain  of  Carbon  per  acre  per  annum  in  crops  at  Hothamsted. 
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It  is  quite  evident  that  in  the  case  of  these  gramineous  crops, 
wheat  and  barley,  which  contain  a  comparatively  low  percentage  of 
nitrogen,  and  assimilate  a  comparatively  small  amount  of  it  over  a 
given  area,  there  was  a  greatly  increased  amount  of  carbon  assimilated 
by  the  addition  of  nitrogenous  manure  alone.  In  the  case  of  the  wheat, 
there  was  much  more  effect  from  a  given  amount  of  nitrogen  supplied 
as  nitrate,  which  was  always  applied  in  the  spring,  than  from  an  equal 
quantity  as  ammonium-salts,  which  were  applied  in  the  autumn,  and  the 
nitrogen  of  which  was  subject  to  winter  drainage.  There  is  also  more 
effect  from  ammoniiun-salts  applied  to  barley  than  to  wheat;  the 
application  having  been  made  for  the  former  in  the  spring,  and  for 
the  latter  in  the  autumn.  It  should  be  observed  that  there  was  this 
greatly  increased  assimilation  of  carbon  in  the  wheat  and  in  the  barley 
for  more  than  twenty  years,  without  the  addition  of  any  carbon  to  the 
soil  It  is,  indeed,  certain  that,  in  the  existing  condition  of  our  old 
arable  soils,  the  increased  growth  of  our  staple  starch-yielding  grains  is 
greatly  dependent  on  a  supply  of  nitrogen  within  the  soiL  It  is  equally 
certain  that  the  increased  production  of  sugar  in  the  gramineous  sugar- 
cane, in  the  tropics,  is  likewise  greatly  dependent  on  the  supply  of 
nitrogen  within  the  soil. 

It  will  further  be  of  interest  to  call  attention  to  the  connection  between 
nitrogen  accumulation,  chlorophyll  formation,  and  carbon  assimilation. 

TABLE  IV. 

Belation  of  Carbon  assimilation  to  Nitrogen  accumulation,  and  to 
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It  should  be  observed  that  the  amounts  of  chlorophyll  recorded  are 
as  stated,  relative^  and  not  actual;  and  the  figures  show  the  relative 
amounts  for  the  individual  members  of  each  pair  of  experiments,  and 
not  the  comparative  amounts  as  between  one  set  of  experiments  and 
another.  It  should  further  be  stated  that  the  chlorophyll  determinations 
were  kindly  made  by  Dr.  W.  J,  Russell,  F.R.S.,  of  London,  in  specimens 
collected  at  Rothamsted,  whilst  the  wheat  and  barley  were  still  green, 
and  actively  growing. 

It  will  be  seen,  in  the  first  place,  that  the  separated  leguminous 
herbage  of  hay  contained  a  much  higher  percentage  of  nitrogen  in  its 
dry  matter  than  the  separated  gramineous  herbage ;  and  that,  with  the 
much  higher  percentage  of  nitrogen  in  the  leguminous  herbage,  there 
was  also  a  much  higher  proportion  of  chlorophyll. 
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Next,  it  is  to  be  observed  that  the  wheat  plant  on  plot  loa,  manured 
with  ammonium-salts  alone,  shows  a  much  higher  percentage  of  nitrogen 
than  that  of  plot  7,  with  the  same  amount  of  ammonium-salts,  but  with 
mineral  manure  in  addition.  The  high  proportion  of  chlorophyll  again 
goes  with  the  high  nitrogen  percentage ;  but  the  last  column  of  the  table 
shows  that  on  plot  loa,  with  ammonium-salts  without  mineral  manure, 
with  the  high  percentage  of  nitrogen  and  high  proportion  of  chlorophyll 
in  the  green  produce,  there  was  eventually  a  very  much  less  assimilation 
of  carbon.  The  result  is  exactly  similar  in  die  case  of  the  barley ; 
plot  la  being  manured  with  ammonium-salts  alone,  and  plot  4a  with  the 
same  ammonium-salts  and  mineral  manure  in  addition. 

It  is  evident  that  the  chlorophyll  formation  has  a  close  connection 
with  the  amount  of  nitrogen  assimilated ;  but  that  the  carbon  assimila- 
tion is  not  in  proportion  to  the  chlorophyll  formed,  if  there  is  not  a 
sufficiency  of  the  necessary  mineral  constituents  available.  No  doubt 
there  had  been  as  much  or  more  of  both  nitrogen  assimilated,  and 
chlorophyll  formed,  over  a  given  area,  where  the  mineral  as  well  as  the 
nitrogenous  manure  had  been  applied ;  the  lower  proportion  of  both  in 
the  dry  matter  being  due  to  the  greater  assimilation  of  carbon,  and 
consequent  greater  formation  of  non-nitrogenous  substance. 

The  next  point  to  consider  is,  what  is  the  effect  of  the  unrecovered 
amount  of  nitrogen  on  succeeding  crops  ?  This  is  illustrated  by  the  results 
in  the  coloured  columns  of  Table  I  (facing  p.  7).  In  the  table,  mineral 
manure  is  indicated  by  blue,  nitrogen  as  ammonium-salts  by  yellow,  and  a 
mixture  of  the  two  by  green.  Plot  5  has  been  manured  continuously  for 
thirty-two  years  with  mineral  manure  alone ;  whilst  plots  17  and  18  each 
received  mineral  manure,  and  a  quantity  of  ammonium-salts  containing 
86  lbs.  of  nitrogen,  alternately.  Thus  we  are  able,  for  every  year,  to 
compare  a  plot  manured  with  minerals,  succeeding  a  previous  applica- 
tion of  ammonium-salts,  with  a  plot  receiving  mineral  manure  alone 
every  year.  It  is  seen  that,  in  every  case,  the  application  of  nitrogen 
has  given  a  greatly  increased  yield,  frequently  doubling  that  of  the  plot 
with  mineral  manure  alone.  Again,  in  every  case,  the  yield  of  the 
succeeding  year,  when  the  mineral  manure  was  applied,  was  reduced 
approximately  to  that  of  the  plot  continuously  treated  with  minerals 
alone.  A  glance  down  the  alternately  blue  and  yellow  columns  of 
plots  17  and  18,  and  a  comparison  with  the  blue  column  of  plot  5,  will 
bring  these  results  strikingly  to  view.  A  comparison  of  the  averages  of 
the  periods  of  four,  eight,  sixteen,  and  thirty-two  years,  of  this  treatment, 
clearly  shows  the  essential  identity  of  the  results  of  the  continuous  and 
the  alternate  treatment  with  mineral  manures.  The  averages  for  the 
thirty-two  years  show  an  increase  in  the  yield  of  the  mineral-manure 
years  after  ammonia,  over  the  yield  of  plot  5,  of  only  ^  of  a  bushel  per 
acre  per  annum  in  a  crop  of  between  fifteen  and  sixteen  bushels.  The 
non-effect,  or  the  absence,  of  residual  nitrogen  applied  in  the  form  of 
ammonium-salts,  is  evident  In  other  words,  nitrogen  as  ammonium- 
salts  applied  in  any  one  year  is  practically  exhausted  that  year,  in  the 
crop  or  otherwise,  leaving  practically  none  for  subsequent  action. 

Again,  plot  16,  for  thirteen  years,  from  1852  to  1864  inclusive,  re- 
ceived annually  mixed  mineral  manure  and  ammonium-salts,  containing 
a  double  quantity  (172  lbs.)  of  nitrogen  \  and  since  that  time,  for  nineteen 
years  (i  864-1 883),  it  has  been  left  unmanured.  During  the  thirteen 
years  of  heavy  manuring  there  was  a  large  yield,  in  two  cases  exceeding 
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fifty  bushels,  with  an  average  for  the  thirteen  years  of  39^  bushels. 
The  first  three  years  during  which  no  manure  was  applied,  the  average 
3deld  was  only  21^  bushels,  a  decrease  of  nearly  one-half,  followed  in 
the  succeeding  periods  of  four  years  each  by  average  yields  of  17^ ,  12, 
gji,  and  13%  bushels;  against,  for  the  corresponding  periods  on  plot  3, 
continuously  without  manure,  13%,  10^,  8^,  and  12^  bushels.  Or, 
taking  the  average  of  the  nineteen  years  of  yield  without  manure  on 
plot  16,  we  have  14^  bushels,  against,  over  the  same  years,  i$j^  bushels, 
on  plot  5,  with  mineral  manures  only,  since  1852,  and  11^  bushels  on 
plot  3,  unmanured  since  1839.  It  is  fair  to  presume,  moreover,  that 
some  of  the  greater  yield  of  plot  16,  from  1864-1883,  over  that  of  plot  3, 
is  due  to  the  residue  of  the  mixed  mineral  manure,  which,  as  will  be 
seen  further  on,  has  some  effect  on  succeeding  crops. 

If,  as  the  above  results  have  demonstrated,  there  is  practically  no 
residue  firom  previous  application  of  ammonium-salts,  the  question  arises. 
What  becomes  of  the  nitrogen  of  the  manure  not  taken  up  by  the  crop  ? 
This  point  is  illustrated  by  the  results  given  in  Table  V.  The  plots 
there  tabulated  all  received  the  same  amount  of  nitrogen  in  manure,  with 
differing  mineral  manures,  and  they  are  given  in  the  order  of  their  aver- 
age annual  increased  yield  of  nitrogen  in  the  crops  over  plot  5,  with 
mineral  manure  alone.  The  first  column  shows  the  estimate  1  average 
annual  increased  yield  of  nitrogen  per  acre  in  the  crops ;  the  second,  the 
estimated  annual  loss  of  nitrogen  as  nitric  acid  by  drainage ;  the  third, 
the  estimated  annual  excess  of  nitrogen  in  the  surface-soil  over  that  on 
plot  5  with  the  mineral  manure  alone ;  and  the  last  column  shows  the 
relation  which  that  excess  in  the  soil  bears  to  100  increased  yield  of 
nitrogen  in  the  crops. 

The  plots  were  manured  as  follows 


Plot  10 — ^Amm.-salts  =  86  lbs.  N. 

-Amm.-salts  =  86  lbs.  N.,  and  superphosphate. 


» 


» 


» 


f» 


n 


j> 


II- 


12 — ^Amm.-salts  =  86  lbs.  N.,  superphosphate  and  soda. 
13 — ^Amm.-salts  =  86  lbs.  N.,  superphosphate  and  potash. 
14 — Amm. -salts  =  86  lbs.  N.,  superphosphate  and  magnesia. 

7 — ^Amm.-salts  =  86  lbs.  N.,  and  mixed  mineral  manure. 

9 — Nitrate  of  soda  =  86  lbs.  N.,  and  mixed  mineral  manure. 


TABLE  V. 


BROADBALK  EXPERIMENTAL   WHEAT-FIELD. 


Estimated  Nitrogen  per 

acre  per  annum 

. 

PLOTS. 

In  Crops 
over  Plot  ft. 

Lost  by  Drainage 
oyer  Plot  6. 

In  aarface  soil, 

9  inches  deep, 

oTer  l^ot  ft. 

Exoeaa  In  aorfikce 

•oU  to  100  increaae 

in  Crop. 

lbs. 

lbs. 

Iba. 

lbs. 

10 

12.4 

31. 2 

4.8 

88.7 

11 

17.7 

28.5 

11.6 

65.5 

18 

22.2 

24.5 

14.6 

65.8 

13 

23.4 

25.6 

17.8 

76.1 

14 

24.1 

27.5 

15.5 

64.3 

7 

25.9 

19.0 

19.8 

74.5 

9 

26.5 

28.7 

18.5 

71.2 

14 

It  is  seen  that  the  increased  yield  of  nitrogen  in  the  crops  varied  ex- 
ceedingly with  the  same  amount  supplied  in  manure,  according  to  the 
condition  as  to  supply  of  mineral  constituents.  Plot  lo,  with  the  ammo- 
nium-salts alone,  gives  the  smallest  increased  yield  of  nitrogen  in  the 
crop ;  and  plots  7  and  9,  with  the  most  complete  mineral  manure,  each 
more  than  twice  as  much ;  the  other  plots  giving  intermediate  amounts. 

The  order  of  the  estimated  loss  of  nitrogen  by  drainage  is  almost  the 
converse  of  that  of  the  increased  )rield  in  the  crops.  Plot  10,  which 
gives  the  least  increased  yield  in  the  crop,  shows  the  greatest  loss  by 
drainage ;  and  plots  7  and  9,  which  yield  the  greatest  increase  in  the 
crop,  show  the  least  loss  by  drainage. 

The  excess  in  the  soils  (over  plot  5)  is  obviously  much  more  in  the 
order  of  the  increased  yield  in  the  crops.  Plot  10,  with  the  least  in  the 
increase  of  crop,  and  the  most  in  the  drainage,  shows  the  least  excess  in 
the  soil ;  whilst  plots  7  and  9,  with  the  greatest  increased  yield  in  the 
crop,  and  the  least  loss  by  drainage,  show  the  greatest  excess  in  the  soil. 

It  is  clear,  therefore,  that  whilst  the  excess  in  the  soil  has  no  direct 
relation  to  the  amount  supplied  in  the  manure,  it  has  a  very  obvious 
relation  to  the  increased  yield  in  the  crop  ;  in  other  words,  to  the  amount 
of  growth.  The  last  column  of  the  table  brings  this  out  more  dearly. 
Excepting  in  the  case  of  plot  10,  with  the  ammonium-salts  alone,  there  , 
is  a  general  uniformity  in  the  proportion  of  the  excess  in  the  soil  over  ' 
plot  5  to  the  increased  yield  in  the  crop  over  plot  5  ;  and  the  variations, 
such  as  they  are,  have  an  obvious  connection  with  the  conditions  of 
growth.  Thus  plots  11,12,  and  14,  all  with  a  deficient  supply  of  potash, 
show  approximately  equal  proportions  retained  in  the  soil  for  100  of  in- 
crease in  the  crop.  Plots  13,  7,  and  9,  again,  all  with  liberal  supplies  of 
potash,  show  higher,  but  approximately  equal,  proportions  retained  in 
the  surface-soil  for  100  of  increased  yield  in  the  crop. 

Upon  the  whole,  it  is  obvious  that  the  relative  excess  of  nitrogen  in 
the  soils  of  the  different  plots  is  little,  if  at  all,  due  to  the  direct  retention 
by  the  soil  of  the  nitrogen  of  the  manure,  but  it  is  almost  exclusively 
dependent  on  the  diflference  in  amount  of  the  residue  of  the  crops— of 
the  stubble  and  roots,  and  perhaps  of  weeds. 

This  leads  to  the  consideration  of  the  actual  differences  in  the  crop 
with  equal  nitrogen  supply  and  different  mineral  supply.  This  is  illus- 
trated by  the  results  in  Table  VI„  which  shows  the  effects  of  mineral 
manures  alone,  of  ammonium-salts  alone,  and  of  ammonium-salts  with 
different  mineral  manures. 
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TABLE  VI. 

Wheat  grovon  for  forty  years  in  succession  on  the  same  Icmd, 

Broadhalk  Fields  BotluMtsted, 

Besults  showing  the  effects  of  Miaeral  Manures  alone,  and  when  nsed 

in  addition  to  Ammonium- Salts. 


Quantities  per  acre.    Produce :  Dressed  Grain  in 

bushels. 

Mixed 
MiDeral 
Manure 

alone. 

400  lbs.  Ammonlnm-Salts  =  86  lbs.  Nitrogen  per  acre  per  annum. 

Alone, 
1852  and 

slnoe. 
Previoasly 
Mln.  Man. 

1844. 

Am.-Salts 

1846-61. 

Alone, 
1862  and 

since. 
Previously 
Min.  Man. 
1844,  '48 
and  '60. 
Am.-Salts 
1846, '7, '8, 
'9  and  '61. 

And  Su- 
perphos- 
phate. 

And 
Super- 
phosphate 

and 
Sulphate 
of  Soda. 

And 
Super- 
phosphate 

and 
Sulphate 

of 
Potash. 

And 

Supers 

phoephate 

and 
Sulphate 

of 
Magnesia. 

And 
Super- 
phosphate 

and 
Salphates 
of  Potash, 

Soda, 

and 
Magnwrfa. 

Plot  Noe,— 

Plot  5 

Plot  10a 

Plot  10b 

Plot  11 

Plot  12 

Plot  13 

Plot  14 

Plot  7 

Harvests. 
8yT».*44/61 

Bushels. 
29 

Bushels. 
26 

Bushels. 
24% 

22ft 

39ft 
28ft 

Bushels. 
28ft 

Bushels. 
28ft 

24% 
22ft 
46% 
31* 
33% 
43* 
37% 
34* 

27* 
32ft 
33* 
64 

Bushels. 
27% 

24 
23 
44ft 

30* 

Bushels. 
27ft 

Bushels. 
29ft 

1862 
1863 
1864 

1866 

16ft 
10ft 

24ft 
18ft 

19ft 
23ft 

18ft 
20% 

21* 
10 

34* 

20 

23ft 

18ft 
43ft 
21* 

31ft 
39ft 
32 
27* 

24* 
22% 
44* 

31% 

26* 
23% 
46ft 
33 

1866 
1867 
1868 
1869 

24ft 
29ft 
22ft 
19 

16ft 
12ft 
23ft 
39ft 

32ft 
26ft 

2eft 

18ft 

27* 
34ft 
27* 

25ft 

18% 
16 
24ft 
43% 

.31% 
43ft 
87ft 
34ft 

34% 
43% 
38* 
34ft 

36* 
44* 
89ft 
34% 

1860 
1861 
1862 
1863 

15ft 
16ft 
17ft 
19ft 

22% 

24% 

•    26% 

46ft 

26% 
34ft 
32% 
63ft 

43ft 
37ft 
24* 
23ft 

39ft 
27ft 
37 
30ft 

27ft 
33ft 

31ft 
54 

27ft 
36 
36* 
63% 

1864 
1865 
1866 
1867 

16ft 
14ft 
13ft 

16ft 
18* 
11* 

36ft 
30ft 
28ft 
19* 
27ft 
19ft 
23ft 
10 

36ft 
27* 
28 
22ft 

33ft 
22ft 

26ft 
11 

44% 
34% 
28ft 
24ft 

41ft 
36% 
28 
22ft 

45* 
40* 
29ft 
22ft 

1868 
1869 
1870 

1871 

24ft 

20ft 

21* 
10ft 

39ft 
27* 
35ft 
21ft 

41* 
27* 
85* 
24ft 

39ft 
28* 

22* 

1872 
1873 

1874 
1876 

12ft 
12ft 
13 

•* 

18 

26* 
12* 

18* 
20% 
27ft 
14% 

18ft 
29ft 

4% 

27ft 
19ft 
32ft 
18 

29ft 
22ft 
39ft 
25ft 

29ft 
23ft 
37ft 
27ft 

25ft 
18ft 
29ft 
16 

30% 
24ft 
36% 
26ft 

29* 
22 
S9ft 
25ft 

1876 
1877 
1878 
1879 

10ft 

11* 
14* 

6ft 

12ft 

17* 
27* 

4 

14* 

17% 
29% 

11* 
25* 
21ft 
30% 
26% 

19ft 
17* 
29* 

14 

22ft 

18ft 

32ft 

16* 

31 

27% 

34* 

33% 

23ft 

16* 

1880 
1881 
1882 
1883 

17ft 
12* 
12ft 
16* 

10ft 
18ft 
23* 
17ft 

13ft 
19* 
26ft 
18* 

29% 
23ft 
34% 
30* 

33 

28ft 
32ft 
34ft 

34ft 
26% 
36* 

36* 

▲VXBAOB8. 


47TB.'52,*56 

n* 

21ft 

26ft 

26* 

31ft 

30% 

30* 

32ft 

47ri.'6«,'59 

20* 

23ft 

28ft 

32ft 

37* 

36% 

37% 

88* 

47n.'60,'63 

17* 

22ft 

26* 

29ft 

37 

s? 

32* 

38 

47rs.'64,'67 

13* 

1»* 

25% 

28ft 

33 

34* 

4yia.'68/71 

16 

20 

23 

30ft 
29* 

33% 

32% 

29$ 

4yre.'72,'76 

12 

18% 

20ft 

24* 

29% 

^ 

4yri.'76,'79 

10% 

15* 

16* 

18* 

20 

22ft 

22* 

47ni.'80,'83 

14* 

17* 

19ft 
27ft 

26 

29% 

31* 

33% 

31% 
34ft 

33ft 

8yrs.'62,'69 

19 

22ft 

29% 

34* 

86ft 

8yrs.'60,'e7 

16* 

24 

27ft 

29ft 

36 

34% 

34% 

86ft 

8yTS.'68,'76 

14 

19 

20ft 

23% 

30 

31% 

80ft 

81 

8  yr^ '76/83 

12% 

16* 

18ft 
27% 

22ft 

24* 

27 

84 

27 

28 

16yn.'62,'67 

17* 

23* 

29% 

34% 

84% 

36* 

16yrs.'68.*83 

13* 

17* 

19* 

22ft 
26ft 

27ft 
31 

29* 

28ft 

29ft 

32yn.'62,'83 

15ft 

20ft 

23ft 

10b 

31% 
13 

31% 

32* 

Plot  Not.— 

5 

10a 

11           1 

12 

14 

7 

i6 

For  the  thirty-two  years, — 1852  to  1883  inclusive, — each  of  the 
eight  differently  manured  plots  received  the  same  manure  each  year.  I 
will  only  call  special  attention  to  the  average  yields  over  periods  of 
sixteen  and  thirty-two  years. 

Plot  5,  treated  with  mineral  manure  only,  gave,  during  the  first  sixteen 
years,  an  average  yearly  yield  of  17^  bushels  per  acre,  during  the  second 
sixteen  years  i^%  bushels,  and  during  the  whole  period  of  thirty-two 
years  15^^  bushels. 

Plot  loa,  treated  with  ammonium-salts  only,  gave,  during  the  first 
sixteen  years,  an  average  yearly  yield  of  23%  bushels  per  acre,  during 
the  second  sixteen  years  17%  bushels,  and  during  the  thirty-two  years 
an  average  of  20%  bushels.  Thus,  ammonium-salts  alone  produced 
much  more  than  mineral  manure  alone. 

On  plot  lob,  previous  to  1852, — in  the  years  1844,  1848,  and 
1850, — mineral  manures  had  been  applied,  in  the  other  years  previous 
to  1852  (excepting  in  1846,  when  it  was  unmanured),  and  subsequently, 
ammonium-salts  only.  The  effect  of  the  residue  of  the  previously 
applied  mineral  manures  is  apparent  on  comparison  with  the  yields 
on  loa. 

On  plot  lob  we  find,  during  the  first  period  of  sixteen  years,  an 
average  yearly  yield  of  27^  bushels  per  acre,  against  23^  bushels  on 
loa ;  during  the  second  period  of  sixteen  years  19^  bushels,  against 
17%  on  loa;  and  during  the  thirty-two  years,  an  average  yearly  yield 
of  235^  bushels,  against  only  20^  on  loa. 

Plot    II,  with  superphosphate  but  no  potash,  in  addition  to    the 
ammonium-salts,  gave,  during  the  first  sixteen  years,  an  average  yearly 
yield  of  2g%  bushels  per  acre,  during  the  second  sixteen  years  22^ 
bushels,  and  during  the  thirty-two  years  265^  bushels. 

On  plot  12,  in  addition  to  the  ammonium-salts,  superphosphate  and 
sulphate  of  soda  were  applied ;  but  potash  had  been  applied  prior  to 
1852.  The  first  sixteen  years  produced  an  average  yearly  yield  of  ^4jk 
bushels  per  acre,  the  second  sixteen  years  of  27^  bushels,  and  the 
whole  thirty-two  years  of  31  bushels. 

On  plot  13,  the  ammonium-salts,  superphosphate,  and  sulphate  of 
potash  were  applied,  and  the  average  annual  produce  was,  over  the 
first  sixteen  years  34  bushels,  over  the  second  sixteen  years  29^ ,  and 
over  the  thirty-two  years  31^  bushels. 

On  plot  14,  besides  the  ammonium-salts  and  superphosphate,  sulphate 
of  magnesia  was  applied,  and  some  potash  had  been  applied  prior  to 
1852.  The  average  annual  produce  was,  over  the  first  sixteen  years 
34^  bushels,  over  the  second  sixteen  years  2S%  bushels,  and  over  the 
thirty-two  years  31^  bushels. 

On  plot  7,  in  addition  to  the  ammonium-salts,  superphosphate  and 
the  sulphates  of  potash,  soda,  and  magnesia,  were  applied,  and  there  was 
an  average  yearly  )deld,  during  the  first  sixteen  years  of  35J&  bushels 
per  acre,  during  the  second  sixteen  years  of  29^  bushels,  and  during 
the  whole  thirty-two  years  of  32%  bushels. 

Thus,  not  only  the  effect  upon  the  yield  of  wheat  of  a  direct  supply, 
but  of  a  residue  from  long  previous  applications  of  potash,  is  very  notice- 
able. This  is  rendered  more  obvious  by  reference  to  the  following  table 
(VIL),  in  which  the  pounds  per  acre  of  potash  and  phosphoric  acid 
removed  during  two  periods  of  ten  years  each,  in  the  total  produce, 
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and  in  the  grain  alone,  of  the  plots  last  referred  to,  and  some  others 
are  given, 

TABLE  VII. 

Potash  and  Phosphoric  Acid  iu  Grain,  and  in  Total  Produce. 
Ten  years,  1852-'61,  and  ten  years,  1862-71. 

PER  ACRE  IN   POUNDS. 


POTASH. 

1 

PHOePHliRIC  ACID. 

PLOTS. 

ll»52-'61. 

1863-'?  1. 

1862- »1. 

1802 

-•71. 

InTuUl 

In 

In  Total 

In 

In  Totnl 

Jn 

III  Tot>«l 

In 

Produce. 

Grain. 

Produce. 

Grain. 

Produce. 

Grain. 

l*roduce. 

G>ain. 

lbs. 

Ibe. 

Ib«. 

11m. 

Ibti. 

Il«. 

Ibe. 

Ibe. 

2 

52.6 

11.8 

53.5 

12  4 

26.5 

19.6 

27.3 

20  1 

3 

19.0 

5.5 

15.3 

4.9 

10.8 

8.2 

9.7 

7.5 

5 

26.6 

6,6 

21.1 

5.7     , 

14.7 

10  5 

12.3 

8.8 

10a 

27.2 

7.1 

23.1 

7.7 

13.0 

9.6 

13  4 

10.4 

10b 

33.3 

8.5 

25.0 

8.7 

16.0 

12.2 

14  8 

12.0 

11 

30.9 

9.3 

26.0 

8.8 

19.8 

14.9 

18.0 

13.6 

12 

45.4 

11.4 

37.8 

11.4 

23.2 

17.7 

21.8 

17.0 

13 

53.2 

11.3 

55.2 

12.2 

22.9 

17.7 

23.3 

18.2 

14 

49.8 

11.3 

39.1 

11.6 

22.9 

17.9 

22.4 

17.6 

7 

56.0 

11.9 

53.0 

12.3 

23.8 

18.4 

23.4 

18.5 

I  will  illustrate  this  point  by  referring  only  to  the  potash.  Plots  3, 
loa,  lob,  and  11,  show  a  deficiency  of  potash  in  both  grain  and  total 
produce  compared  with  the  amounts  in  the  produce  of  plots  2, 12, 13, 14 
and  7,  on  all  of  which  there  was  a  sufficiency,  or  more  or  less  excess,  of 
potash  available.  On  comparison  of  these  results  with  the  manuring 
of  the  plots,  we  find  that  in  every  case  the  increase  of  potash  in  the 
total  crop  depends  either  on  a  direct  annual  potash  supply,  or  on  a 
residue  from  previous  applications.  The  first  ten  years  show  more 
potash  in  the  total  produce  with  the  direct  supply  (13  and  7)  than  with 
the  residue  (12  and  14) ;  but  the  amount  in  the  grain  is  essentially 
the  same  in  each  case.  In  the  second  ten  years  there  is  a  greater 
difference  in  the  amounts  of  potash  in  the  total  produce  between  the 
plots  having  the  direct  and  those  having  only  the  residual  supply; 
whilst  there  is  scarcely  any  difference  in  the  amounts  in  the  grain,  but 
such  as  it  is,  it  is  in  accordance  with  the  conditions  of  supply.  Hence 
it  is  evident  that  whilst  the  plant  in  its  vegetative  stages  assimilates 
according  to  the  available  supply, — it  may  be  in  excess  of  actual  need, — 
if  there  is  no  deficiency,  the  composition  of  the  final  product — the 
seed — is  essentially  the  same. 

We  have  thus  traced  the  effects  of  exhaustion,  of  full  manuring,  and 
of  nitrogenous  and  non- nitrogenous  manures,  on  one  particular  soil.  It 
has  been  seen  how  very  different  is  the  effect  of  one  and  the  same 
manuring  in  different  seasons,  but  the  real  extent  of  this  variation  is 
more  clearly  brought  out  in  Table  VIII.,  which  shows  the  best,  the  worst, 
and  the  average  produce,  over  a  period  of  thirty-two  years,  under  very 
opposite  conditions  as  to  manuring. 
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TABLE  VIIL 

Wheat  year  after  year  on  the  same  land,     BroadbaXk  Fields  Bothamsted, 

Produce  of  the  best  season,  1863 ;  the  worst  season,  1879 ;  and 

average  of  32  years,  1852-1883. 


Plot 
No. 


3 

2 
6 
6 
7 
• 
8 


DeteripUon  of  lUamros    QaantltiM  per  men. 


0nmaDar«d 

Farm- Yard  Manare 

Mixed  Mineral  Manare,  alone  

Mixed  Min.  Man.  and  200  lbs.  Anim.-Salti  =  43  l\)».  Nit. 
Mixed  Min.  Man.  and  400  Ibe.  Amm.-Salta  =  86  11>h.  Nit. 
Mixed  Min.  Man.  and  650 lbs.  Nitrate  Soda  =  86  Ibe.  NiU 
Mixed  Min.  Man.  and  600  iba.  Amm.-Salta  =  129  Ihs.  Nit. 


DreiBad  Qiain  per 


Bashela.' 


Best 

Wont 

Diffsiv 
enoe. 

ATCfnge 

Seawn, 

Seaaon, 

82  7TB. 

1863. 

■ 

1879. 

1852-'8S. 

17% 

Mil 

12% 

13% 

44 

16 

28 

33% 

1»* 

6* 

14 

16* 

39% 

10% 

29% 

24% 

53% 

16% 

37% 

32% 

55% 

22 

33% 

36% 

55% 

20% 

35% 

36% 

We  will  confine  our  attention  to  the  amount  of  dressed  grain  per  acre 
in  bushels.  The  difference  in  yield  of  the  various  plots  in  the  best  and 
worst  of  the  thirty-two  seasons  is  very  marked.  The  unmanured,  the 
mineral  manured,  and  the  heavily  nitrogenous  manured  plots,  all  suf- 
fered severely.  In  most  cases  the  difference  approaches,  and  in  two 
cases  (Plots  6  and  7,  mixed  mineral  manure,  together  with  200  and  400 
pounds  of  ammonium-salts,  respectively  furnishing  43  and  86  pounds  of 
nitrogen)  it  actually  exceeds  the  average  produce  of  the  plots.  From 
these  facts  we  see  how  easy  it  is  to  form  wropg  conclusions  as  to  the 
effects  of  different  manures,  if  experiments  are  conducted  in  only  one 
season,  or  in  only  a  few  seasons,  and  if  the  characters  of  the  seasons  are 
not  studied. 

Not  only  season,  but  soil  and  locality  must  exercise  an  influence.  The 
Rothamsted  results  are  obtained  on  one  description  of  soil,  and  in  one 
locality  only.  Reference  to  the  following  table  (IX.)  shows  the  results 
obtained  in  experiments  conducted  at  Rothamsted  during  the  same 
eight  years,  but  in  two  fields ;  at  the  same  place  in  one  field  for  thirty- 
two  years ;  at  Wobum,  for  seven  years ;  at  Holkham,  Norfolk,  for  three 
years ;  and  at  Rodmersham,  Kent,  for  four  years.  Thus,  the  experi- 
ments were  made  on  very  various  soils,  under  various  conditions  from 
previous  treatment,  and  in  various  seasons,  yet  the  general  characters  of 
the  results  are  accordant 

TABLE  IX. 

Besidts  of  Experimenta  on  the  growth  of  Wheat  by  different  Manures^ 
on  different  Soils,  in  different  Localities,  and  in  different  Seasons, 


DRKSSED  GRATN  PER  ACRE— BUSHELS 

w 

AVKEAOS  ANKUAL  KISULn. 

MANURES. 

Rothamsted. 

Wobara, 

Bvda, 
7  yean. 
1877-.'83. 

Holkham, 
Norfolk, 
3yearB. 
1852-'54. 

Syeara— 
1856-63. 

32  yeara — 

1852-'83. 

Rodmera- 

bam,  Kent. 

4yean. 

Broadbalk 
Field. 

Bona 
Field. 

Bruadbalk 
Field. 

1856-'59. 

Unmanured 

16 
19 
33% 

88% 

16 

left 

37% 

13% 
16% 
20% 

32% 

15* 
16% 
23%  (1) 

37% 

18 

27% 
82% 

28% 

31% 

33% 

MUed  Mineral  Manurp,  alone    ... 
Amm.-Salts,  alobe=86  iba.  N.  ... 
Mixed    Mineral    Manure,    and) 
Ammoniom-Salta  —  86  lbs.  N.   / 

(1)  By  AmmoDinm-SAlts  =  only  43  Iba.  N. 
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Not  only  is  there  general  accordance  in  the  character  of  the  results  in 
different  localities,  when  the  averages  of  a  number  of  years  are  taken, 
but  the  non-effect  of  the  residue  from  previous  application  of  ammonium^ 
salts  is  as  marked  in  the  sandy  soil  at  Wobum  as  in  the  very  different 
soil  at  Rothamsted.  Reference  to  Table  X.  will  illustrate  this.  Stack- 
3rard  field,  Wobum,  received  mineral  manure,  and  ammonium-salts  =  86 
lbs.  nitrogen,  for  five  successive  years.  The  field  was  then  divided,  one 
portion  receiving  the  same  manure  as  before,  and  the  other  the  mixed 
mineral  manure,  but  no  nitrogen.  In  the  next  year,  1883,  the  portion 
which  had  received  nitrogen  in  the  previous  year  received  mineral  ma- 
nures only,  and  conversely  the  other  portion,  which  had  received  mineral 
manure  only  in  1883,  received  both  mineral  manure  and  ammonium- 
salts.  It  is  seen  that  in  each  year,  1883  and  1883,  the  portion  which 
received  the  nitrogenous  manure  yielded  large  crops  (43^4  and  45% 
bushels) ;  whereas,  the  portion  on  which  mineral  manures  alone  suc- 
ceeded ammonium-salts  and  large  crops,  yielded  very  small  crops — 13^ 
and  175^  bushels,  respectively,  against  \^^  and  17^  bushels  on  the 
plot  where  the  same  mineral  manures  were  used  year  after  year.  It  is 
thus  seen  that  there  was  no  available  and  effective  residue  where  the 
ammonium-salts  had  previously  been  applied.  It  may  be  stated,  how- 
ever, that  in  1884  there  was  notable  effect  from  unexhausted  residue  of 
nitrogenous  manure  ;  the  explanation  probably  being  that  there  had  been 
very  little  rain,  and  consequently  very  little  loss  by  drainage  during  the 
winter  of  1883-4. 

TABLE  X. 

Wheat  groum  year  after  year  on  the  same  land. 
Stackyard  Fieldy  Wobum, 


H«.nrest8. 


1877 
1878 
1879 
1880 
1881 
1882 
1883 


Dreoed  Qrain. 
BoBhelB. 


[T* 


45* 


43* 

27 

»* 
«* 

mm 


(1)  Mixed  MiDeral  Manure  aloiie. 


C2)  Mix.  MiD.  Man.  and  Ammonia-Salts  =  89  Iba.  N. 


Prodtue^  Imports ^  and  Consumption  of  Wheat,  in  the  United  Kingdom. 

Having  illustrated  the  soil  conditions  necessary  for  the  growth  of 
wheat,  it  will  be  well  to  call  attention  to  one  practical  application  of 
these  long-continued  field  experiments.  For  thirty- two  years  (1853-83) 
an  estimate  has  been  made  of  the  average  produce  of  wheat  per  acre  in 
the  United  Kingdom,  based  upon  the  yield  at  Rothamsted  on  the  un- 
manured,  the  farm-yard  manured,  and  three  of  the  artificially  manured 
plots  taken  as  one.  From  this  the  total  yield  of  the  country  has  been 
calculated ;  to  this  the  imports  have  been  added,  and  the  quantity  re- 
quired for  seed  deducted,  the  final  figure  showing  the  total  amount 
available  for  consumption,  and  from  this  the  consumption  per  head  of 
the  population  has  been  reckoned.  It  may  be  said  at  once  that  these 
results  proved  to  be  very  near  the  truth.  But  the  point  of  interest  to  a 
wheat-growing  and  wheat-exporting  country  like  America  is,  the  evi- 
dence which  the  results  afford  as  to  the  constantly  increasing  require- 
ments of  a  largely  importing  country  like  Great  Britain. 
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The  following  table  (XL)  shows  that  during  the  thirty-two  years, 
1852-3  to  1883-4,  inclusive,  the  area  under  wheat  in  the  United  King- 
dom has  been  reduced  by  about  one-third.  The  average  yield  per  acre 
is  estimated  at  28  bushels ;  but  owing  to  recent  bad  seasons,  the  average 
for  the  whole  period  of  thirty-two  years  was  only  27  bushels,  that  for 
the  first  sixteen  years  having  been  2Sji ,  but  that  for  the  second  sixteen 
years  only  25%.  Thus  there  has  not  only  been  a  reduction  in  area 
under  cultivation,  but  in  yield  per  acre,  also ;  this,  however,  is  probably 
temporary,  whilst  the  reduction  in  area  will  doubtless  continue. 


TABLE  XL 

Particulars  of  Home  Produce^  Imports^  and  Comumption  of  Wheaij  in 
the  United  Kingdom— ^2  years,  1852-3  to  1883-4. 


HarrMt 

Estimated  Home  Produce. 

Available  for  consumption. 

Available  for  Con- 
sumption per  bead. 

yeara. 
Sept.  1  to 
Aug.  Z\4 

Area 
under 
Crop. 

Aver- 
age 

yield 
per 

Acre. 

Total 

Home 

Produce. 

Home  Pro- 
duce less 
2%  bush, 
per  acre 
for  Seed. 

Imports 

less 
Exports. 

Total. 

From 

Home 

I>ro- 

duoe. 

From 
Im- 
ports. 

•Total. 

1862-3 
1863-4 
1864-6 
1856-6 

Acres. 
4.058.731 
4.013.963 
4.036.969 
4.076.447 

BOBfa. 

22% 

20% 

34^ 

27% 

27 

S3* 

Z\^ 

26% 

Quarters. 
11.674.982 
10.466.473 
17.663.140 
13.922.801 

14.192.643 
17.321.221 
16.309.949 
13.136.124 

Quarters. 
10.433.464 

9.337.646 
16.427.742 

12.776.3UU 

Quarters. 

5.902.000 

6.092.000 

2.983.000 

3.265.000 

Quarters. 
16.335.464 
16.429.546 
19.410.742 
16.041.300 

fiusb. 
3.03 
2.70 
4.73 
3.65 

Bush. 
1.71 
1.76 
0.85 
0.93 

Bush. 
4.74 
4.46 

6.68 
4.68 

1866-7 
1867-8 
1868^ 
1869-60 

4.213.651 
4.186.974 
4.131.822 
4.019.726 

13.007.453 
16.143.916 
16.147.874 
12.004.575 

9.956.012 
11.176.183 
12.882.069 

16.881.807 

15.179.783 
12.960.305 
10.458.646 

8.646.890 

15.626.060 
12.301.205 
13.047.664 
10.382.493 

4.112.584 
6.796.687 
4.666.670 
4.616.332 

17.120.037 
21.939.602 
19.703.644 
16.620.907 

3.70 
4.66 
4.24 
3.34 

1.16 
1.63 
1.28 
1.26 

4.86 

e.i» 

6.63 
4.69 

1860-1 
1861-a 
1862-3 
1863-4 

3.992.657 
3.898.177 
3.823.947 
3.698.629 

22% 
25^i 
29% 

38^ 

11.078.948 
12.271.646 
13.967.664 
17.922.048 

16.216.328 

13.975.936 

11.485.091 

9.566.622 

10.023.968 
9.099.465 
9.205.086 
6.991.270 

6.500.705 
7.313.026 
7.633.033 
9.016.543 

19.979.980 
20.274.638 
22.087.166 
23.873.077 

2.76 
3.06 
3.61 
4.67 

4.08 
3.47 
2.78 
2.25 

2.77 
2.49 
2.51 
1.89 

6.63 
6.66 
6.02 
6.46 

1864-6 
1866-6 
1866-7 
1867-8 

3.685.493 
3.646.691 
3.649.6H4 
3.628.910 

35% 
30% 
26% 
21 

20.680.488 
20.263.331 
18.091.678 
17.561.433 

1.48 
1.96 
2.02 
2.38 

6.66 
6.43 
4.80 
4.63 

1868-9 

1869-70 

1870-1 

1871-2 

3.937.275 
3.97&.147 
3.761.457 

3.818.848 

3.H27.146 
3.658.815 
3.821.655 
3.503.7U9 

3.114.655 
3.311.859 
3.372.59U 
3.047.752 

34 
27 
30 
24 

24 
22% 
29  fe 
22% 

16.733.419 
13.419.496 
14.105.464 
11.456.644 

7. 719.304 
9.921.526 
8.008.839 
9.316.600 

12.291.463 
11.301.316 
11.706.255 
13.860.079 

23.345.364 
22.222.731 
21.056.393 
19.699.093 

4.09 
3.20 
3.33 
2.62 

2.60 
2.29 
3.16 
2.19 
2.13 
2.38 
2.75 
1.17 

2.02 
2.58 
2.06 
2.35 

6.11 
6.78 
6.38 
4.97 

1872-3 
1873-4 
1874-6 
1876-6 

11.481.438 
10.290.417 
13.972.926 
10.0I8.41H 

'9.732.984 

10.970.533 

12.647.213 

5.906.020 

9.364.464 

8.880.198 

10.116.225 

1  9.477.822 

10.4U5.053 
9.261.375 

12.898.085 
9.033.000 

22.696.516 
20.562.691 
.24.603.340 

22.893.079 

3.07 
2.80 
2.87 
3.36 

6.67 
6.09 
6.03 
6.55 

1876-7 
1877-8 
1878-0 
1879-80 

25 
26% 
30 
15% 

H. 857. 015 
10.039.073 
11.698.672 

6.047.840 

12.107.294 
14.408.62A 
14.145.649 
16.409.933 

16.182.210 
17.200.108 
19.982.162 
16.815.878 

'20. 964. 309 
24.447.701 
25.844.321 
j21.457.773 

2.91 
3.42 
3.32 
3.82 

6.04 
6.80 
6.07 
4.99 

1880-1 
1881-2 
1882-^ 
1883-4 

3.057.784 
2.960. U66 
3.167.9*24 
2.707.949 

24% 

24 

25% 

28 

8.504.462 
8.047.679 
9.227.059 
8.616.211 

24.686.672 
'25. 247.787 
29.209.221 
24.432.089 

1.95 

1.83 
2.08 
1.92 

3.72 
3.91 
4.60 
3.63 

6.67 
5.74 
6.58 
5.45 

▲VERAUE8. 


4yn. 
4yTS. 
4yrs. 
4yrs. 
4yr8. 
4yrs. 
47r8. 
4yrs. 

~8  yrs. 
8yr8. 
syrs. 
8  yrs. 


'62-'&6 
•66-'60 
'60-'64 
•64-'68 
'68-'72 
•72-'76 
'76-'80 
•80-'84 


'52-'60 
'60-'68 
'68-*76 
•76-'84 


16  yrs. 
16  yrs. 


'52-'68 

'6&-'84 


32yr8.'52-'84 


4.046.62^ 

36% 

4.137.793 

29% 

3.853.362 

2S% 

3.652.670 

38 

3.873.432 

38% 

3.702.831 

24% 

3.211.689 

24% 

2.970.931 

25% 

4.092.160 

28 

3.753.011 

28% 

3.788.131 

26% 

3.091.310 

34% 

3.922.586 

28% 

3.439.721 

25% 

3.681.153 

27 

13.381.849 
15.239.709 
13.807.524 
12.810.969 
13.928.731 
11.440.800 
9.813.938 
9.459.427 


14.310.779 
13.309.247 
13.684.766 
J^636.682 

13. 810. 013 
11.160.724 

12.485.369 


12.243.763 
14.075.954 
12.723.768 
11.783.656 
12.839.328 
10.399.378 
8.910.650 
8.598.853 

13.159.859 

12.253.712 

11.619.353 

8.764.751 

12.706.785 
10.187.052 

11~446.919, 


4.660 

4.746 

8.829 

7.365 

8.741 

12.289 

14.267 

17^295 

4.652 

8.097 
10.616 

i6/r8i^ 

"67375 
13.148 


.500 
.06H 


16 

18 


.945:21 
.677,19 


I' 
.567!2l 

.876123 
.U90|25 

.784ll7 
.761l2<i 
.648J22 
^3124^ 

7273.19 
.615:23 


.804.263 
.821.022 
.553.713 
.149.233 
.580.895 
.688.906 
.178.626 
.893.943 

.812.643 
.351.473 
.134.901 
.536.234 


.0^2.058 
.335.567 

9.761.894,21.208.81: 


3.53 
3.96 
3.47 
3.14 
3.31 
2.66 
2.11 
1.95 

'3.74 
3.30 
2.94 
2.03  i 

3.53' 
2.48 

~3'.O0 


1.31 
1.33 
2.42 
1.96 
2.26 
3.02 
3.37 
3.86 


1.32 
2.19 
3.63 
3.64 

1.76 
3.14 


2.45 


4.84 
6.29 
6.89 
6.10 
6.66 
6.68 
6.48 

6.06 
6.4» 
6.67 
6.67 

5.28"" 
^.62 

6.46" 


31 

The  great  increase  of  population  which  has  taken  place  within  the 
period  covered  by  the  table  has,  of  course,  necessitated  greatly  increased 
consumption,  and  the  comparison  of  the  home  production  and  the 
foreign  importation,  for  successive  periods,  becomes  of  much  interest. 
The  table  shows  that  the  average  annual  consumption  over  the  four 
successive  periods  of  eight  years  each,  increased  as  follows  : 

1852-3  to  1859-60,  Annual  Consumption,  17,812,643  quarters. 

1860-1  to  1867-8,         „  „  20,351,473 

1868-9  to  1875-6,         „  „  22,134,901 

1875-6  to  1883-4,         „  „  24,536,234 
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These  amounts  wer^  supplied  from  home  produce  and  importation  as 
follows : 

HOME  PRODUCTION.       IMPORTATION. 

1852-3  to  1859-60,  13,159,859  quarters  4,652,784  quarters. 

1860-1  to  1867-8,  12,253,712         „  8,097,761         „ 

1868-9  to  1875-6,  11,619,353         „  10,515,548        „ 

1875-6  to  1883-4,         8,754,751         „  15,781,483        » 

Thus,  over  the  first  eight  years,  only  one-fourth  of  the  wheat  consumed 
was  obtained  from  foreign  sources,  whilst  over  the  last  eight  years,  nearly 
two-thirds  of  the  entire  consumption  were  imported.  It  is  probable  that 
the  home  produce  will  still  decline,  consequent  chiefly  on  reduction 
of  area  under  cultivation ;  whilst  with  increase  of  population,  imports 
must  increase,  and  doubtless  our  supplies  will  be  largely  drawn  from  this 
continent. 

Produce  of  Wheat  and  Indian  Corn  per  acre^  in  the  United  States, 

It  has  been  stated  that,  excluding  recent  bad  seasons,  the  average 
yield  of  wheat  per  acre  of  the  old  arable  soils  of  Great  Britain,  is  twenty- 
eight  bushels.  Comparing  this  yield  with  that  of  the  United  States,  as 
shown  in  Table  XIL,  we  find,  on  the  authority  of  the  U.S.  Census  Bureau, 
that  the  general  average  of  localities  and  years  is  11.9  bushels  per  acre  ; 
a  yield  which  is  not  equal  to  that  of  the  continuously  unmanured  plot  at 
Rothamsted,  and  which  is  considerably  less  than  half  the  average  yield 
of  Great  Britain  under  ordinary  cultivation.  This  may  be  partly  due  to 
a  shorter  period  of  growth,  and  to  rapid  maturing,  or  in  some  localities 
to  deficiency  of  rain ;  but  it  is  probably  largely  also  due  to  want  of 
sufficient  labour  to  clean  the  land,  and  to  consequent  luxuriance  of  weeds. 

Referring  to  the  table,  we  find  the  general  averages  of  the  different 
sections  of  the  States  ranging  from  15.1  bushels  per  acre  in  New 
England,  to  7.3  bushels  in  the  South  Atlantic  and  Eastern  Gulf  States. 
Even  the  North-west  and  Minnesota,  including  much  prairie  land,  give 
very  meagre  average  produce  for  such  rich  soil  So  long  as  wheat  is 
grown  on  such  lands  under  the  conditions  frequent,  and  indeed  almost 
inevitable,  in  the  case  of  new  settlement, — that  is,  growing  it  year  after 
year,  with  deficient  cultivation,  luxuriance  of  weeds,  and  the  burning  of 
the  straw,— only  low  yields  per  acre  can  be  expected.  The  result  is  due 
to  the  fiact  that,  under  such  conditions,  fertility  is  cheap  and  labour  dear. 
But  with  increased  density  of  population,  more  mixed  agriculture  must 
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be  adopted.  Stock  must  be  kept,  the  fann  kept  freer  from  weeds,  the 
straw  used  ihstead  of  being  burnt,  and  the  manure  from  it,  and  from  the 
consumed  food,  returned  to  the  land.  Then,  and  not  till  then,  will  the 
fertility  of  the  rich  prairie  soils  be  conserved,  and  not  wasted,  as  is  too 
often  the  case  under  the  necessities  of  the  first  breaking  up,  and  the 
sparse  settlement,  of  the  country.  That  your  rich  prairie  soils  can,  and 
should,  yield  more  produce  than  they  do,  is  clear  from  the  high  yields 
obtained  occasionally,  under  favourable  conditions  of  cultivation. 


TABLE  Xn. 
Average  yiddper  acre  of  Wheat  and  Indian  Com  in  the  United  SUUee. 

(Prom  Signal  Service  Beports.) 
Six  years— 1875-1880. 


WBBAl^— BUSHKU. 


New  England 

Middle  Suttee 

Bontb  AtUntic  States  

East  Onlf  States. 

WestOiilfStat«>B  

Tenneraee  and  Ohio  Valley. 

Upper  Lake  Region 

North  Wert. 

Minnesota  

Oslifornia. 


Average 


18T6 


16.1 
10.6 

1.5 

9.0 
U.8 

9.6 
13.T 

7.6 
17.0 
11.0 


11.7 


1876 


1877 


13.9 

12.3 

6.8 

6.7 

11.6 

10.6 

10.2 

9.6 

8.6 

13.0 


10.3 


16.8 

13.2 

9.0 

7.2 

11.1 

12.8 

16.1 

14.8 

18.6 

9.6 


12.9 


1878 


16.3 
14.0 
6.5 
7.1 
13.3 
13.0 
16.2 
12.2 
12.0 
17.0 


12.6 


1879 


16.0 

13.4 

8.0 

8.1 

7.7 

16.3 

15.8 

13.1 

12.3 

14.0 


1880 


13.3 

14.6 

6.2 

6.6 

7.7 

14.1 

13.6 

12.6 

13.3 

16.0 


13.4 


11.7 


GL  At. 


16.1 
13.0 
7.3 
7.3 
11.0 
12.7 
14.1 
11.6 
13.6 
13.4 


11.9 


IKDIAK  OOKR— BU8RSU. 


New  England 

Middle  States 

Soath  Atlantic  states  

EMt  Gulf  States 

West  Gulf  States  

Tennessee  and  Ohio  VaUej 

Upper  Lake  Region 

North  West    

Minnesota  

California. 


Average 


34.0 
32.2 
12.0 
16.0 
21.4 
82.1 
27.0 
36.7 
29.2 
36.3 


27.6 


36.8 
29.2 
11.6 
13.3 
23.2 
31.4 
31.6 
28.7 
26.4 
33.0 


26.3 


36.9 
28.7 
11.3 
13.2 
22.6 
29.4 
23.3 
31.3 
29.0 
30.0 


26.6 


36.6 
28.7 
11.4 
12.1 
24.2 
29.2 
37.4 
31.1 
38.1 
34.6 


28.3 


32.2 
29.4 
10.7 
14.3 
15.9 
31.9 
38.1 
36.2 
36.0 
28.0 


27.2 


32.9 
32.9 
10.2 
13.4 
24.0 
29.7 
36.6 
80.8 
36.0 
32.0 


34.6 
30.2 
11.2 
13.6 
21.9 
30.6 
32.3 
32.3 
33.0 
32.3 


27.7 


27.1 


Turning  to  Indian  Com,  Table  XII.  shows  that  the  )deld  of  that 
cereal  is  very  much  higher  than  that  of  wheat ;  and  the  yield  of  nitrogen 
per  acre  in  those  com  crops  would  doubtless  be  much  greater  than  in 
the  wheat  crops  of  the  same  localities.  This  is  probably  in  part  due  to 
the  high  condition  of  the  soil  under  which  the  crop  is  generally  grown, 
com  generally  following  clover  in  the  rotation.  It  is,  however,  doubtless 
in  part  due  to  the  growth  of  com  extending  much  ftirther  into  the  late 
summer  and  autumn,  the  period  during  which  nitrification  is  the  most 
active  in  the  soil,  and  when  therefore  the  supply  of  nitrates  to  the  plant 
will  be  greater  under  the  same  conditions  of  soil  than  in  the  case  of 
wheat  This  would  be  a  very  interesting  subject  for  investigation,  in 
the  field  and  in  the  laboratory,  tracing  the  nitrogen  at  various  periods  in 
the  soil,  in  the  plant,  and  in  the  drainage  waters. 

■ 

Prodtue  of  various  crops  per  acre,  in  Manitoba, 

The  following  table  (XIIL)  gives  estimates  of  the  yield  of  various  oops 
on  some  Manitoba  prairie  soils : 
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TABLE  Xm. 

BstimaieB  of  the  yield  of  various  Crops  in  M€mitoba. 

Summary  of  Statistical  Betams — seven  years^  1876-1882. 

Quantities  in  bushels  per  acre. 


Wheat 
Barley... 

Oats. 

Bye 

Peaa    ... 
Potatoee 


1876 

18t7 

1878 

1879 

1880 

1881 

1882 

32 

27 

26 

27 

29 

30 

32 

42 

41 

36 

38 

41 

40 

37 

61 

60 

60 

58 

58 

59 

51 

— 

80 

30 

40 

40 

35 

... 

S2 

32 

84 

32 

38 

38 

_ 

229 

304 

308 

302 

318 

320 

278 

General 
Average. 

29 
39 
57 
35 
34 
294 


The  above  estimates  are  founded  on  the  reports  of  numerous  farmers, 
and  it  is  seen  that  the  average  )rield  of  wheat  for  seven  years  (1876- 
1882)  is  assumed  to  be  twenty-nine  bushels.  This  is,  however,  doubtless 
too  high,  even  for  exclusively  virgin  prairie  soils,  under  the  condition 
of  cultivation  incident  to  new  settlement;  and  the  result  is  probably 
accounted  for  by  the  fact  that  the  records  come  chiefly  from  the  more 
intelligent  and  better  farmers.  From  returns  since  supplied  to  me  from 
the  Department  of  Agriculture  at  Ottawa,  the  average  produce  of  wheat 
in  Manitoba  was,  in  1880,  20.1  bushels,  and  in  1882,  24.0  bushels, 
instead  of  29  and  32  bushels  as  above ;  whilst  the  average  produce  in 
1883  is  estimated  at  21.8  bushels. 

Amounts  of  Nitrogen  and  Carbon  in  various  Soils, 

In  coimection  with  this  subject  of  the  average  peld  of  wheat  of  different 
countries,  it  will  be  of  interest  to  contrast  the  condition  of  soils  of  very 
different  history,  as  to  their  percentage  of  nitrogen,  and,  so  far  as  we  are 
able,  of  carbon  also. 

Table  XIV.  (see  next  page)  shows  the  characters  in  these  respects  of 
exhausted  arable  soils,  of  newly  laid  down  pasture,  and  of  old  pasture 
soib,  at  Rothamsted ;  of  some  other  old  arable  soils ;  of  some  Illinois 
and  Manitoba  prairie  soils;  and  lastly,  of  some  very  rich  Russian 
soils. 

From  these  results  there  can  be  no  doubt  that  a  characteristic  of  a  rich 
virgin  soil,  or  of  a  permanent  pasture  surface-soil,  is  a  relatively  high 
percentage  of  nitrogen  and  of  carbon,  and  a  high  relation  of  carbon  to 
nitrogen.  On  the  other  hand,  a  soil  that  has  long  been  under  arable  culture 
is  much  poorer  in  these  respects ;  whilst  an  arable  soil  under  conditions 
of  known  agricultural  exhaustion  shows  a  very  low  percentage  of  nitrogen 
and  of  carbon,  and  a  low  relation  of  carbon  to  nitrogen. 

Finally,  it  has  been  maintained  by  some  that  a  soil  is  a  laboratory, 
and  not  a  mine.  But  not  only  the  iajcXs  ascertained  in  our  own  and  in 
other  investigations,  but  the  history  of  agriculture  throughout  the  world, 
so  far  as  we  know  it,  dearly  show  that  a  fertile  soil  is  one  which  has 
accumulated  within  it  the  residue  of  ages  of  previous  vegetation,  and 
that  it  becomes  infertile  as  this  residue  is  exhausted ;  and  enormous  as 
are  the  accumulations  in  the  prairie  lands  of  the  American  continent,  it 
it  still  desirable  to  postpone,  rather  than  to  accelerate,  the  time  of  their 
exhaustion. 
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TABLE  XIV. 
Nitrogen  and  Carbon  in  variaiu  $oiU, 


Date  of  Soil 
Sampling. 


(1)  In  Dry  Sifted  SoUL 


Nitro- 
gen. 


Carbon. 


Carbon 
to  1  Ni- 
trogen. 


▲vfbortty. 


BOTHAM8TED  ▲RABLS  AVD  GRASS  SOILS. 


Boots,   1843-'63;   Barley,    1863-'6;) 
Eloots,  1866-'69 ;  Mineral  Manures  s 

Wlieat,  l843-'4,  and  each  year  since ; 
Mineral  Mannrps 

Barley,  1853,  and  each  year  since; 
Mineral  Man  ores 

Arable   laid  down   to   grass  (Ten- 
acres),  Spring,  1879 

▲table   laid  down  to  grass  (Bam- 
fleld).  Spring,  1874 

Arable  laid  down  to  grass  (Apple- > 
tree  field).  Spring.  1863 f 

Arable  laid  down  to  grass  (Dr.  OH 
.  bert's  meadow).  Spring,  1858  

Arable  laid  down  to  grass  (High 
field).  Spring  (?),  1838    

Very  old  grass  land  (The  Park) 


\ 


April,  1870  ... 

October,  1866 
October,  1881 
March,  1868... 
March,  1883... 


Febmary,  1882  , 

Febmaiy,  1882  ...... 

November,  1881 ...... 

January,  1879 

September,  1878 < 

Feb.  h  March,  1876 


Per 
cent. 

Per 
cent. 

Per 
cent. 

0.0934 

0.1119 
0.1013 
0.1303 
0.1124 

1.039 
1.079 

•••••• 

1.154 

9.3 
10.7 

i'oVs 

0.1236 

0.1609 

0.1740 

0.2057 

2.413 

11.7 

0.1943 

2.403 

12.4 

0.2466 

3.377 

13.7 

Bothamsted. 


•t 
t» 
•» 


»• 


▼▲RIOCS  ARABLB  SOILS  nf  ORSAT  BRITAIV. 


Mr.  Pront's  Farm;  Broadfleld  — 
BurfiMse  

Mr.  Prout's  Fum ;  Blackacre  — 
surfkoe  

Mr.  Prout's  Farm;  Wbitemoor  — 
surface  


Wheat  Soil— Midlothian..... 
Ea^tlothlan  .. 

IVrthshire 

Borwicktfhire 


»f 
>» 


Bed  Sandstone  Soil— England 


0.170 
0.107 
0.171 

0.23 
0.13 
0.21 
0.14 

0.18 


Voeldcer. 


Anderson. 


»t 
»t 
f* 


Voekker. 


UVrrRD  BTATFS  AKD  CAHADIAK  PRAIRIS  SOILS. 


JUinois,  U.  S.,  No.  1 
„  No.  2 
„  No.  3 
..       No.  4 


»» 


Portage  la  Prairie,  Manitoba^-sur- 
face 

Saskatchewan  district,  N.  W.  Terri- 
tory—sQrfaoe    

Forty  miles  from  Fort  Ellioe,  N.  W. 
Territory— surface 


NiverWlle,  ManltobiH-let  12  inches 

•  •• 

Brandon 

M 

W 

.■• 

Selkirk 

*t 

tt 

•  a. 

Winnipeg 

tt 

tt 

.•• 

0.80 
0.26 
0.33 
0.34 

0.247 
0.303 
0.260 

0.261 
0.187 
0.618 
0.428 


3.42 
2.66 

7.58 
6.21 


IS.l 
14.2 
12.3 
13.3 


Voelcker. 


tt 

tt 
tt 


Bothamsted. 


Bothamsted. 


tt 
»» 
tt 


RUBSIAK  SOILS. 


No.  1—13  inches 

No.  3—8  „ 

No.  3—  6  „ 

No.  4—  6  „ 

No.  5—11  „ 

No.  6—17  „ 

No.  7—  9  „ 


••••«•••••■•■••■•«••■*•■•■•••• 


0.607 
0.467 
0.1»8 
0.130 
0.306 
0.381 
0.409 


a  Schmidt. 


(1)  Oalcnlated  on  soU  dried  at  106  G. 
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Note  an  some  Conditions  of  the  Development,  and  of  the  Activity,  of 
Ohlorophyll,     By  Professor  J.  H.  Gilbert,  LRD.,  F,lt.8. 

All  wbo  are  accustomed  to  observe  vegetation  must  have  1i>een  struck  with  the 
great  vanetj  of  shades  of  green  which  the  foliage  of  different  plants  presents.  With- 
out pretending  to  generalise  further,  it  may  be  stated  that,  at  any  rate  so  far  as  our 
common  agricultural  plants  are  concerned,  they  show  somewhat  characteristic  shades 
of  colour,  according  to  the  Natural  Order  to  which  they  belong — the  Leguminoss 
differing  from  the  Gramineee,  the  Cruciferse,  the  Chenopodiacesd,  and  so  on.  But 
the  same  description  of  plant  will  exhibit  very  characterbtic  differences,  not  only 
at  different  stages  of  growth,  but  at  the  same  stage  in  different  conditions  of 
luxuriance,  as  affected  hj  the  external  conditions  of  soil,  season,  manuring,  Sec, 
but  especially  under  the  influence  of  different  conditions  as  to  manuring. 

The  Rotnamsted  Field  experiments  have  afforded  ample  op{>ortunity  for  ob- 
servations of  this  kind ;  and  it  nas  been  quite  evident  that,  m  a  series  of  comparable 
experiments  with  the  same  crop,  depth  of  gi*een  colour  by  no  means  necessarily 
implied  a  finally  greater  amount  of  carbon  assimilation ;  whilst  we  have  long  ago 
experimentally  proved  that  the  deeper  colour  was  associated  with  relatively  high 
percentage  of  nitrogen  in  the  dry  or  solid  substance  of  the  herbage ;  and  this  obviously 
means  a  lower  relation  of  carbon  to  nitrogen. 

Mentioning  these  facts  to  Dr.  W.  J.  Russell,  who  has  devoted  so  much  attention 
to  the  subject  of  chlorophyll,  he  kindly  undertook  to  make  comparative  determina- 
tions of  the  amounts  of  chlorophyll  m  parallel  specimens,  in  which  we  were  to 
determine  the  percentages  of  dry  matter  and  of  nitrogen.  Accordingly,  in  June 
1882,  during  the  period  of  active  vegetation,  Dr.  Russell  spent  a  day  at  Kothamsted 
for  the  purpose  of  collecting  appropriate  samples,  which  were  taken  from  several 
differently  manured  nlots  of  meadow-grass,  wheat,  bai'ley  and  potatoes,  respectively. 

The  K)llowin^  table  gives  the  results  of  some  of  these  experiments;  namely,  the 
percentages  of  nitrogen,  and  the  relative  amounts  of  chlorophyll,  in  tlie  separated 
srramineous  and  the  separated  leguminous  plants  in  the  mixed  herbage  of  grass 
land;  in  specimens  of  wheat  grown  by  a  purely  nitrogenous  manure,  and  by  the 
same  nitrogenous  manure  with  a  full  mineral  manure  in  addition ;  and  in  specimens 
of  barley  grown  by  a  purely  nitrogenous  manure,  and  by  a  mixture  of  tne  same 
nitrogenous  manure  and  mineral  manure  in  addition.  It  is  to  be  borne  in  mind  that 
the  specimens  were  collected  while  the  plants  were  still  quite  green,  and  actively 
growing.  It  should  be  further  explained  that  the  amounts  of  cUorophvll  recorded 
are,  as  stated  in  the  table,  relative  and  not  actual ;  that  is  to  say,  the  ngures  show 
the  relative  amounts  for  the  individual  members  of  each  pair  of  experiments,  and 
not  the  comparative  amounts  as  between  one  set  of  experiments  and  another. 

It  will  be  seen  in  the  first  place  that  the  separated  leguminous  herbage  of  hay 
contained  a  much  higher  percentage  of  nitrogen  in  its  dry  substance  than  the 
separated  gramineous  herbage ;  and  that,  with  the  much  higher  percentage  of 
nitrogen  in  the  leguminous  herbage,  there  was  also  a  much  higher  proportion  of 
chlorophyll.  Under  comparable  conditions,  however,  the  Leguminosn  eventually 
maintain  a  much  higher  relation  of  nitrogen  to  carbon  than  the  Gramineas,  in  other 
words,  in  their  case  carbon  is  not  assimilated  in  so  large  a  proportion  to  the 
nitrogen  taken  up. 

Next,  it  is  to  be  obsierved  that  the  wheat  plants  manured  with  ammoniuim  salts 
alone  show  a  much  higher  percentage  of  nitrogen  than  those  manured  with  the 
same  amount  of  ammonium  salts,  but  with  mineral  manure  in  addition.  The  hirh 
proportion  of  chlorophvU  again  goes  with  the  high  nitrogen  percentage ;  but  toe 
last  column  of  the  taole  shows  that,  with  the  ammonium  salts  without  mineral 


Rblatioh  bbtwsbn  Nitrogen  Accumulation,  Chloeopuyll  Form  ation,  and 

Carbon  Ajssimilation. 

The  figures  in  parentheses  represent  determlnaticns  in  the  not  fully  dried  substance). 


Nitrogen  per 

cent,  in  ary 

substance 

Relative 

amounts  of 

Chlorophyll 

Carbon  assimilated 
per  acre  per  annum 

Actual 

Difference 

Hay. 

Gramineas  . 
LegumlnosaB 

Wheat. 

Aaimonium  salts  only 
Ajamonium  salts  and  mine' 

1190 
2-478 

(1-227) 
(0-666) 

(1-474) 
(0-792) 

0-77 
240 

2-00 
1-00 

3-20 
1-46 

lbs.                   lbs. 

1 

1 
1 

! 

1.398              -  824 

ral  manure 

Barley. 

Ammonium  salts  only 
Ammonium  salts  and  mine- 
ral manure 

2,222 

1,403 
2,088 

■ 

-685 

manure  with  the  hlf^h  percentage  of  nitrogen^  and  the  high  proportion  of  chloro- 
phylly  in  the  dry  substance  of  the  green  produce,  there  is  eventually  a  very  much 
less  assimilation  of  carbon.  The  result  is  exactly  similar  in  the  case  of  the  barley. 
The  plants  manured  with  ammonium  salts  alone  showing  the  higher  percentage  of 
nitrogen,  and  the  higher  proportion  of  chlorophyll,  but  eventually  a  much  lower 
assinulation  of  carbon. 

It  IB  evident  that  the  chlorophyll  formation  has  a  close  connection  with  the 
amount  of  nitrogen  assimilated,  out  that  the  carbon  assimilation  is  not  in  pro- 
portion to  the  chlorophyll  formed,  if  there  be  not  a  sufHciency  of  the  necessary 
mineral  constituents  available.  No  doubt  there  had  been  as  mucli;  or  more,  of  both 
nitrogen  assimilated,  and  chlorophyll  formed,  over  a  given  area,  where  the  mineral 
as  well  as  the  nitrogenous  manure  had  been  applied,  the  lower  proportion  of  both 
in  the  dry  matter  being  due  to  the  greater  assimilation  of  carbon  and  consequent 
greater  formation  of  non-nitrogenous  substances. 

It  is  of  interest  to  observe,  that  these  results  of  experiments  in  the  field  are 
perfectly  con^tent  with  those  obtained  by  vegetable  physiologists  in  the  laboratory; 
they  having  found  that  the  presence  of  certain  mineral  or  ash-constituents,  and 
especially  tnat  of  potassium,  is  essential  for  the  assimilation  of  carbon,  no  starch 
being  formed  in  the  grains  of  chlorophyll  without  the  aid  of  that  substance.  Sachs 
says, '  Potasdam  is  as  essential  for  the  assimilating  activity  of  chlorophyll  as  iron 
for  its  production.' 
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We  have  been  requested  by  the  Chemical  Committee  of  the 
Royal  Agricultural  Society  to  draw  up  a  Table  of  the  composition 
and  value  of  the  manure  obtained  by  the  consumption  of  the  food- 
stuffs in  ordinary  use  on  the  farm.  About  twenty-five  years  ago 
we  published  a  Table  showing  the  average  composition,  per  cent., 
and  per  ton,  of  the  chief  feeding-stuffs,  and  other  agricultural 
products ;  and  we  called  attention  to  the  fact  that  there  must  be 
great  difference  in  the  value  of  the  manure  according  to  the 
composition  of  the  food  consumed.  Soon  afterwards,  a  Table 
was  published,  showing  the  estimated  money-value  of  the  manure 
from  the  consumption  of  one  ton  of  the  various  foods. 

The  Table  of  composition  was  founded,  partly  on  the  results 
of  analyses  made  at  Rothamsted,  but  in  great  part  on  the  results 
of  others,  which  had  at  that  time  been  published ;  and  having 
calculated  the  amounts  of  nitrogen,  phosphoric  acid,  and  potash, 
contained  in  one  ton  of  the  respective  foods,  we  deducted  the 
quantities  of  phosphoric  acid  and  potash  which  we  estimated 
would  be  contained  in  the  increase  in  live-weight  of  the  animal 
consuming  it.  But,  in  the  case  of  the  nitrogen,  we  deducted 
10  per  cent,  from  the  amounts  in  a  ton  of  the  cakes  and 
leguminous  seeds,  which  contain  high  percentages  of  nitrogen, 
and  lb  per  cent,  from  the  amounts  in  the  foods  which  contain 
lower  percentages  of  nitrogen.  These  amounts  of  nitrogen 
deducted,  were  reckoned  to  include,  besides  the  nitrogen  actu- 
ally stored  up  in  the  increase  in  live-weight,  some  loss,  but  not 
to  cover  the  losses  that  take  place  in  the  manure  after  it  is 
voided  by  the  animal.  The  nitrogen  and  phosphoric  acid  in 
the  manure,  as  so  calculated,  were  then  valued  at  the  prices  at 

8  B  2 


4  On  the  Valuation  of  Unexhausted  Manures. 

which  they  conld  be  parchased  In  Peruvian  g^ano,  and  the 
potash  at  its  market  price  at  the  time.  The  total  manure-value 
of  a  ton  of  each  food,  as  so  arrived  at,  was  published,  but  the 
data  were  not  given. 

Objections  have,  from  time  to  time,  been  raised  against  the 
manure-values  given  in  that  Table.  At  the  date  of  its  publi- 
cation, compensation  for  unexhausted  manure  was  not  the  law 
of  the  land;  and  whatever  opinions  may  be  held  as  to  the 
amount  of  the  valuation  in  any  particular  case,  or  as  to  the 
valuations  as  »  whole,  there  can  be  no  doubt  that  the  discussion 
of  the  subject  has  led  to  the  general  recognition  of  the  fact  that 
cattle-foods  vary  very  greatly  in  their  manure-value.  So  far 
a  very  important  step  has  been  gained. 

Fifteen  yea^s  elapsed  before  the  Duke  of  Richmond  carried 
through  parliament  (in  1875)  ^^  The  Agricultural  Holdings 
Act"  for  the  compensation  to  the  tenant,  for  his  unexhausted 
improvements.  This  Bill  proved,  however,  to  be  practically 
inoperative,  as  its  provisions  were  not  compulsory. 

At  a  meeting  of  the  Council  of  the  Royal  Agricultural  Society, 
held  on  November  3rd,  1875,  the  following  resolution  was 
adopted,  on  the  motion  of  Mr.  Randell : — 

'^That  while  under  any  circumstances  it  would  be  of  the 
greatest  importance  to  the  members  of  the  Society  to  prove  by 
a  series  of  experiments  made  under  every  variety  of  soil  and 
climate  how  far  the  accuracy  of  ^  The  estimated  value  of  manure 
obtained  by  the  consumption  of  different  articles  of  food,'  as 
given  by  Mr.  Lawes  in  his  valuable  contribution  to  the  last 
Spring  number  of  the  ^  Journal '  of  the  Society,  is  confirmed  by 
practical  results,  it  becomes  more  especially  important  now  that 
compensation  to  outgoing  tenants  for  the  uneodiausted  value  of 
purchased  food  will  become  subject  to  arbitration. 

^  That  it  be  referred  to  the  Chemical  Committee  to  consider 
in  what  way  experiments  may  be  conducted  by  practical  farmers 
in  different  districts  to  demonstrate  by  this  union  of  ^  Practice 
with  Science,'  the  actual  manure-value  of  the  kinds  of  food 
most  extensively  purchased  —  say  the  first  four  articles  in 
Mr.  Lawes'  Table,  with  any  others  the  Committee  may  select — 
the  feeding  value  of  each  being  also  recorded." 

At  the  meeting  of  the  Council,  held  on  February  2nd,  1876, 
the  Chemical  Committee  reported  with  reference  to  the  fore* 
going  resolution  as  follows : — 

^^  That,  recognising  the  very  great  importance  of  the  question 
submitted  to  them,  they  recommended  the  Council  to  extend 
the  reference,  so  as  to  enable  the  Committee  to  obtain  the 
opinion  of  practical  and  scientific  witnesses  as  to  how  far  the 
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knowledge  we  already  possess  of  the  fertilising  properties  of 
manores  and  feedingnstuffs,  especially  the  latter,  can  be  relied 
npon  as  a  basis  of  vtduation  to  be  made  under  the  compensation- 
clauses  of  the  Agricultural  Holdings  Act ;  and,  in  the  event  of 
those  witnesses  considering  our  present  knowledge  on  these 
subjects  insufficient,  as  to  the  expediency  of  making  experiments 
with  those  objects  in  view." 

During  the  next  four  weeks  the  Chemical  Committee  ex- 
amined a  number  of  witnesses,  and,  at  the  close  of  the  evidence, 
reported  as  follows : — 

'^  The  Committee  have  to  report  that  they  have  fully  con- 
sidered the  evidence  taken  by  them  on  the  subjects  connected 
with  Mr.  Randell's  motion. 

*^  They  find  in  the  case  of  nearly  all  the  witnesses  examined 
a  very  decided  opinion  in  favour  of  experiments  to  determine 
the  manurial  and  feeding-value  of  cakes  and  other  feeding-stuffs, 

^^It  seems  to  the  Committee  that  the  primary  condition  of 
any  experiments  to  be  conducted  under  the  auspices  of  the 
Royal  Agricultural  Society  should  be  that  of  their  being 
thoroughly  reliable,  and  of  their  results  adding  to  the  amount 
of  knowledge  previously  existing  on  the  subject-matter  of  the 
experiments. 

'^  While  some  of  the  witnesses  appear  to  see  no  difficulty  in 
carrying  out  practical  experiments  of  the  kind  indicated  by 
Mr.  Randell,  the  strongest  possible  opinions  were  expressed  by 
the  scientific  witnesses  that,  although  some  special  information 
of  local  interest  might  be  obtained  from  them,  they  would  be, 
in  the  words  of  one  of  the  witnesses,  ^of  no  use  whatever  for 
establishing  anything  like  a  scientific  basis  or  principle,  which 
is  so  much  needed  when  a  general  question,  such  as  that  of 
manure-value,  comes  into  play.' 

^*  But  the  difficulties  and  doubts  as  to  the  possibility  of  these 
experiments  being  carried  out  in  a  trustworthy  manner  are  not 
confined  to  scientific  witnesses.  They  are  pointed  out  in  the 
strongest  manner  by  some  of  those  most  in  favour  of  these 
so-called  practical  experiments,  one  of  whom,  indeed,  suggests 
their  being  instituted  at  places  like  the  Universities,  Kew,  or 
Cirencester,  adding  that  he  does  not  know  a  single  person  in 
the  three  counties  with  which  he  is  connected  to  whom  he  could 
entrust  them.  Another  witness  considers  they  ought  to  be 
under  the  direction  of  the  Society's  Chemist  and  the  Chemical 
Committee;  while  it  was  generally  assumed  that  those  who 
might  be  willing  to  undertake  the  experiments  should  be  *comr* 
pensated  for  their  trouble  and  expense. 

*^  The  question  of  expense  is  one  which  the  Committee  are 
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confident  the  Coiincil  would  consider  of  compaTativelj  little' 
consequence,  if  adequate  results  were  to  be  expected;  bat 
although  fuUj  appreciating  the  object  of  Mr.  Randell's  motion, 
and  the  great  importance — especially  with  reference  to  Talua- 
tions  under  the  Agricultural  Holdings  Act — of  adding  to  our 
knowledge  of  the  value  of  artificial  manures  and  feeding-stuflb, 
thej  feel  they  would  only  be  justified  in  recommending  experi- 
ments, the  results  obtained  from  which  would  be  held,  by  a 
general  concurrence  of  opinion,  scientific  and  practical,  to  be 
thoroughly  exhaustive  and  worthy  of  confidence. 

<«An  opportunity  for  carrying  out  experiments  has  been 
offered  to  the  Society  by  the  Dake  of  Bedford,  and  the  Com- 
mittee now  recommend  that  Mr.  Lawes  and  Dr.  Voeldcer  be 
requested  to  draw  up  a  scheme  for  carrying  on  at  Woburn  such 
experiments  as  they,  in  communication  with  the  Chemical 
Committee,  may  determine  on,  it  being  understood  that  the 
experiments,  when  decided  upon,  shall  be  wholly  under  the 
control  of  one  or  both  of  these  gentlemen. 

**  Although  not  prepared  at  present  to  propose — as  being 
instituted  under  the  auspices  of  the  Society — ^any  other  experi- 
ments than  such  as  may  be  determined  on  under  the  above 
recommendation,  the  Committee  are  far  from  wishing  to  dis- 
courage experiments  independently  conducted  by  practical 
farmers,  but,  on  the  contrary,  would  be  glad  to  assist  them. 
Dr.  Voelcker  expresses  himself  as  anxious  that  such  experiments 
should  be  made,  and  g^ves  instances  of  some  that  might  furnish 
useful  information.  It  is  therefore  suggested  that  it  may  be  of 
advantage  if  Dr.  Voelcker  be  requested  to  draw  up  the  plan  of 
one  or  more  of  such  practical  experiments  as  he  thinks  might 
bear  instructive  results,  laying  down  for  the  guidance  of  such 
farmers  as  might  like  to  try  them  the  necessary  instructions  and 
rules  for  conducting  them. 

^^  With  regard  to  the  great  advantage  which,  by  the  evidence 
of  all  the  witnesses,  there  would  be  in  the  establishment  of  some 
one  scale  of  valuation  of  unexhausted  manures,  which  would  be 
recognised  and  adopted  generally  in  the  country,  the  Committee 
found  that  none  of  the  witnesses  were  unfavourable  to  Mr. 
Lawes'  Tables  of  manure-value,  if  confirmed  by  direct  experi- 
ment. One,  indeed,  of  the  most  important  witnesses  expresses 
his  own  reliance  altogether  on  it  as  it  stands ;  while  another 
says  he  should,  in  any  case  where  there  was  no  agreement,  most 
certainly  adopt  Mr.  Lawes'  Table,  modified  by  his  own  ex- 
perience, and  by  considerations  as  to  climate  and  soil. 

*^  Inasmuch,  however,  as  the  evidence  clearly  shows  that 
experiments    instituted    for    the    purpose,    as    suggested    by 
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Mr.  Randell's  motion,  of  oonrobonting  or  modifying  Mr.  Lawes' 
oonclniions  as  to  the  manurial  yalae  of  cakes  and  feeding-stuffs 
dionld  be  carried  on  for  several  years,  it  appears  to  the  Com- 
mittee that,  pending  the  compktion  of  such  experiments — ^should 
they  be  carried  out— *it  is  desirable  for  the  Society  to  draw  up 
and  publish,  with  the  assistance  of  Mr.  Lawes  and  Dr.  Voelcker, 
a  schedule  of  the  manurial  value  of  these  substances,  based  upon 
Mr.  Lawes^  Tables,  and  on  any  other  evidence  that  may  come 
under  their  consideration." 

The  liberal  offer  of  the  Duke  of  Bedford,  referred  to  in  the 
above  report,  to  furnish  the  necessary  land,  and  the  funds  required 
to  carry  out  an  investigation  in  reeard  to  the  manure-value 
of  consumed  cattie-foods,  and  other  points,  having  been  accepted, 
a  series  of  experiments  was  at  once  arranged,  and  commenced 
as  soon  as  possible,  and  they  are  still  in  progress.  It  would  not 
be  appropriate  on  the  present  occasion  to  enter  into  the  con-* 
sideration  of  the  important  additions  to  our  knowledge  which 
have  accrued  from  those  experiments.  Nor  need  we  here  refer 
to  the  fact,  that  the  manure  from  cattie-foods  of  such  widely 
different  mannxe->value  as  decorticated  cotton-cake  and  maize 
should  have  shown  very  littie  difference  in  the  crops  to  which 
they  were  applied,  any  further  than  to  say  that  the  result  was 
donbtiess  due  to  the  condition  of  the  land  being,  in  both  cases, 
high  enough  to  yield  approximately  maximum  crops. 

It  is  doubtiess  the  certainty  that  the  Duke  of  Richmond's 
Act  would  be  followed  by  one  securing  to  the  tenant  compensa- 
tion for  his  unexhausted  improvements,  that  has  led  the  culti- 
vators of  the  soil  to  pay  much  more  attention  in  recent  years  to 
the  comparative  value  of  the  manure  from  the  consumption  of 
different  descriptions  of  catti^food ;  and  it  is  remarkable  that, 
coincidendy  with  the  results  obtained  at  Woburn,  which  do  not 
establish  the  superiority  of  the  manure  from  decorticated  cotton- 
cake  over  that  from  maize,  it  has  become  almost  universally 
recognised  by  farmers  that  the  manure  from  the  consumption  of 
the  cakes  in  ordinary  use  has  a  higher  value  than  that  from  the 
cereal  grains. 

It  is  true  tliat  when  Chambers  of  Agriculture,  or  Farmers' 
Clubs,  have  agreed  upon  a  basis  for  compensation  in  amicable 
arrangements,  they  have  generally  preferred  to  fix  the  scale  in 
proportion  to  the  cost  of  the  food,  rather  than  to  its  manure- 
value.  They  have,  however,  in  the  case  of  cakes,  and  even  of 
the  Iq;uminous  seeds,  assigned  a  larger  proportion  of  their  cost 
as  compensation  than  in  that  of  the  cereal  grains.  Thus,  the 
fact  that  foods  rich  in  nitrogen  yield  manures  of  higher  value 
than  those  which  are  poor  in  that  substance,  is  fully  recognised. 
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A  great  advance  has  thus  been  made ;  and  in  discussing  the 
question  of  the  unexhausted  residue  of  manures^  upon  which  we 
now  propose  to  enter,  it  is  a  great  advantage  to  know  that  agri- 
culturists are  ready  to  accept  it  as  an  established  fact  that  the 
chemical  composition  of  a  food  affords  a  true  indication  of  its 
manure-value.  Further  evidence  of  improved  knowledge  is  to 
be  found  in  the  fact,  that  the  relative  market  prices  of;  different 
cattle-foods  gradually  approximate  more  nearly  to  what  may  be 
called  their  relative  scientific  values — that  is,  liieir  values  taking 
into  account  both  their  feeding-  and  their  manure-value.  For 
example,  ten  years  ago  the  price  of  linseed-cake  ranged  from 
12/.  to  14/.  per  ton,  whilst  decorticated  cotton-cake  was  hardly 
saleable  at  half  the  price ;  linseed-cake  being  more  valued  as 
food,  and  the  greater  manure-value  of  cotton-cake  not  being 
recognised.  Now,  however,  the  relative  market  prices  of  the 
two  foods  much  more  nearly  represent  their  true  relative  values, 
taking  both  their  food  and  their  manure  values  into  account. 

The  discussions  which  have  taken  place  in  connection  with, 
and  subsequent  to,  the  passing  of  the  ^^  Agricultural  Holdings 
Act  of  1883,"  which  gives  to  the  tenant  the  right  of  .property  in 
his  unexhausted  manures,  have  afforded  the  means  of  ascertain- 
ing the  general  views  of  agriculturists  on  the  subject;  and 
although  some  exaggerated  opinions  have  been  put  forward, 
common-sense  views  have,  upon  the  whole,  prevailed ;  and  we 
are  encouraged  to  believe  that  any  carefully  considered  contri- 
bution to  the  solution  of  this  most  complicated  and  difficult 
question  will  be  favourably  received,  and  will  not  be  without 
practical  value. 

The  existence  of  unexhausted  fertility^  resulting  from  the 
consumption  of  cattle-foods,  depends  upon  the  fact  that  when 
organic  matter,  animal  or  vegetable,  is  applied  to  the  soil  as 
manure,  its  complete  decay,  and  the  complete  liberation  of  its 
fertilising  constituents,  extend  over  a  considerable  period  of 
time.  Poor  land  cannot  be  suddenly  brought  into  *^  condition" 
by  the  consumption  on  the  farm  of  purchased  foods.  Nor  can 
*^  condition^"  that  is  accumulated  fertility,  be  at  once  withdrawn 
by  suddenly  stopping  the  use  of  the  foods. 

The  Rothamsted  field  experiments  afford  numerous  illustra- 
tions of  such  gradual  accumulation,  and  only  gradual  exhaustion* 
It  may  take  a  great  many  years  of  unmanured  cropping  to 
exhaust  the  accumulation  from  a  few  years'  application  of  dung, 
and  to  bring  the  land  back  to  its  original  state.  Even  when 
rape-cake  is  applied  for  the  continuous  growth  of  corn-crops, 
a  considerable  unexhausted  residue  remains  in  the  soil.  The 
fact  that  such  accumulation  does  take  place  cannot  be  disputed. 
But   when  we  come  to  consider— of  what   the  accumulation 
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consuts,  what  is  its  amonnt,  and  what  its  money-value,  the  real 
difficulties  of  the  problem  to  be  solved  become  apparent. 

Each  individual  food,  when  judiciously  used  in  conjunction 
with  others,  contributes  more  or  less  to  the  increase  of  the 
animal  consuming  it;  and  the  increase  will  carry  away ^ a 
certain  amount  of  the  constituents  of  the  food.  The  remainder, 
which  constitute  the  manure,  will,  in  the  first  place,  increase  the 
produce  of  the  crops  to  which  it  is  applied ;  but  it  will  also 
leave  an  unexhausted  residue,  the  amount,  and  the  money-value 
of  which  to  the  succeeding  tenant,  we  have  to  endeavour  to 
determine. 

We  must,  then,  in  the  first  place,  form  an  estimate  of  the 
amount  of  increase  in  live-weight  of  animals  which  a  given 
quantity  of  each  food  will  produce,  and  of  the  amount  of 
manure-constituents  which  that  increase  will  take  from  the  food. 
Next,  we  must  endeavour  to  estimate  the  increase  in  the  crops, 
and  the  amount  of  constituents  so  removed.  Lastly,  the  amount, 
and  the  value,  of  the  manure-residue  has  to  be  estimated.  This 
we  have  done  in  the  case  of  a  number  of  the  foods,  the  com- 
position, the  original  manure-value,  and  the  unexhausted 
manure-value  of  which,  are  given  in  the  Tables  which  follow. 
We  have  then  decided  upon  a  scale  of  reduction  of  the  un- 
exhausted manure-value  from  year  to  year,  and  in  this  way 
arrived  at  an  estimate  of  the  money-value  of  the  residue 
accumulated  over  a  period  of  eight  years.  Finally,  having 
thus  come  to  a  conclusion  as  to  the  amount  of  what  may 
be  called  the  compensatian-^alue  of  the  accumulated  residue, 
we  have  devised  a  simple  method  of  calculation,  starting  from 
the  totcUy  or  original  manure-value y  of  the  various  foods — that 
is,  from  the  value  deducting  the  constituents  in  the  increase 
in  live-weight  only,  and  reckoning  the  remainder  at  the  prices 
at  which  they  can  be  purchased  in  artificial  manures. 

I.  Average  Compobition  of  Cattle  Foods, 

The  first  Table  we  have  to  call  attention  to  shows  the 
average  composition,  per  cent,  and  per  ton,  of  thirty-six  dif- 
ferent foods,  so  far  as  this  is  necessary  for  the  purpose  of 
manure-value  calculations  ;  that  is,  it  gives  the  amount  per  cent, 
oi  dry  matter,  nitrogen,  total  mineral  matter  (ash),  phosphoric 
acid,  and  potash,  and  the  amounts  per  ton  of  the  foods,  of 
nitrogen,  phosphoric  acid,  and  potash.  In  some  cases  the 
figures  are  the  same  as  in  our  original  Table,  published  about 
twenty-five  years  ago,  but  in  all  cases  more  recent  analyses 
have  been  had  recourse  to,  and  alterations  have  been  made  if  it 
seemed  desirable. 

8  B  3 
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Table  I.— Aybbagb  Composition,  Peb  Cent,  and  Feb  Ton,  of  Cattle- 
foods* 


^ 

Pes  Cbkt 

• 

Pkr  Tox. 

Foods. 

Dry 
Matter. 

Nitrogen. 

Mineral 
Matter 
(Ash). 

Pbo^ 
phoric 
Add. 

Potaah. 

Nitrogen. 

PllOB- 

phoric 
Acid. 

FMash. 

1.  Linseed    .. 

per  cent. 
9000 

percent. 
3-60 

per  cent. 
4-00 

percent. 
1-54 

percent. 
1-37 

lbs. 
80-64 

Ibe. 
84-50 

Ibe. 
30-69 

2.  Linseed-cake  .. 

88-50 

4-75 

6*50 

2-00 

1-40 

106-40 

44-80 

31-86 

3.  Decorticated      j 
cotton-cake  ../ 

90-00 

6-60 

7-00 

3-10 

2-00 

147-84 

69-44 

44-80 

4.  Palm-nut  cake 

91-00 

2-50 

3-60 

1-20 

0-50 

56-00 

26-88 

11-20 

5.  Undecorticated   ) 
cotton-cake  ../ 

87-00 

3-75 

6-00 

2-00 

2-00 

84-00 

44-80 

44-80 

6.  Cocoa-nut  cake 

90-00 

3-40 

6-00 

1-40 

2-00 

76-16 

81-36 

44-80 

7.  Kape-cake 

89-00 

4-90 

7-60 

2-50 

1-50 

109-76 

66-00 

33-60 

8.  Peas 

85-00 

3-60 

2-50 

0-85 

0-96 

80-64 

1904 

21-60 

9.  Beans 

85-00 

4-00 

3-00 

1-10 

1-30 

89-60 

24-64 

29-12 

10.  Lentils 

88-00 

4-20 

4-00 

0-75 

0-70 

94*08 

16-80 

15-68 

11.  Tares  (seed)    .. 

84-00 

4-20 

2-50 

0-80 

0-80 

94*08 

17-92 

17-92 

12.  Indian  com     . . 

88-00 

1-70 

1-40 

0-60 

0-37 

3808 

13-44 

8-29 

13.  Wheat      ..      .. 

85-00 

1-80 

1-70 

0-85 

0-53 

40-32 

19-04 

11-87 

14.  Malt 

94-00 

1-70 

2-50 

0-80 

0-50 

38-08 

17-92 

11-20 

15.  Barley 

84-00 

1-65 

2-20 

0-75 

0-55 

36-96 

16-80 

12-32 

16.  Oats 

86-00 

2-00 

2-80 

0-60 

0-50 

44-80 

13-44 

11-20 

17.  Rice  meal* 

18.  Locust  beans  * 

9000 
85-00 

1-90 
1-20 

7-50 
2-50 

(0-60) 

•  ■ 

(0-37) 

•  • 

42-56 
26-88 

(13-44) 

•• 

(8-29) 

» . 

19.  Malt  coombs    .. 

90-00 

3-90 

8-00 

200 

2-00 

87-36 

44-80 

44*80 

20.  Fine  pollard    .. 

86-00 

2-45 

5-50 

2-90 

1-46 

54-88 

64-96 

32-70 

21.  Ooarse pollard.. 

86-00 

2-50 

6-40 

3-50 

1-50 

56-00 

78-40 

33*60 

22.  Bran         ..      .. 

86-00 

2-50 

6-50 

3-60 

1-45 

56-00 

80-64 

32-48 

23.  Clover  hay 

88-00 

2-40 

7-00 

0-57 

1-50 

53-76 

12-77 

33-60 

24.  Meadow  hay   .. 

84-00 

1-50 

6-60 

0-40 

1-60 

33*60 

8-96 

35-84 

25.  Pea  straw 

82-50 

1-00 

5-50 

0-36 

1-00 

22-40 

7-84 

22*40 

26.  Oat  straw 

83-00 

0-50 

5-50 

0-24 

1-00 

11-20 

6-38 

22*40 

27.  Wheat  straw    .. 

84-00 

0-45 

6-00 

0-24 

0-80 

10-08 

5-88 

17-92 

28.  Barley  straw   .. 

85-00 

0-40 

4-50 

0-18 

1-00 

8-96 

4-03 

22-40 

29.  Bean  straw 

82-50 

0-90 

6-00 

0-30 

100 

20-16 

6-72 

22-40 

30.  Potatoes.. 

25-00 

0-25 

1-00 

0-15 

0-55 

5*60 

3-36 

12-32 

31.  Carrots  .. 

14-00 

0-20 

0-90 

0-09 

0-28 

4-48 

2-02 

6-27 

32.  Parsnips.. 

33.  Maneel  wurzels 

34.  Swedish  turnips 

16-00 

0-22 

1-00 

0-19 

0-36 

4-93 

4-26 

8-06 

12-50 

0-22 

1-00 

0-07 

0-40 

4-93 

1-67 

8-96 

11-00 

0-25 

0-60 

0-06 

0-22 

6-60 

1-34 

4*93 

35.  Yellow  turnips* 
86.  White  turnips.. 

900 
8  00 

0-20 
0-18 

0-65 
0-68 

(0-06) 
0-05 

(0-22) 
0-30 

4-48 
4-03 

(1-34) 
1-12 

(4-93) 
6-72 

*  In  the  case  of  neither  Rice-meal,  Locust-beans,  nor  Yellow  Turnips,  have  records  of 
ash-analyses  been  found.  For  Rioe-meal  the  same  percentages  of  phosphoric  add  and 
potash  as  in  Indian  Com,  and  for  Yellow  Turnips  the  same  as  in  Swedes,  are  prori- 
sionally  adopted ;  but  in  all  the  Tables  the  assumed  results  are  given  in  parentheses.  For 
Locust  Beans  no  figure  has  been  assumed,  and  the  columns  are  left  blank. 
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Although  the  figures  given  in  the  Table  (I.,  p.  10)  may  be 
taken  as  fairly  indicating  the  average  composition  of  the 
different  foods,  yet  it  must  be  understood  that  in  the  case  of 
almost  every  one  of  the  articles  in  the  list,  individual  samples 
may  vary  even  considerably  from  the  average.  In  the  case  of 
foods  which  are  manufactured,  or  imported,  the  percentage  of 
dry  matter  is  usually  high.  In  the  case  of  those  which  may 
be  either  imported  or  home-grown,  the  variations  in  the  per- 
centage of  dry  matter  in  different  samples  may  be  compara- 
tively wide ;  it  being,  as  a  rule,  distinctly  higher  in  the 
imported  articles,  which  could  not  be  shipped  unless  in  a  drier 
condition  than  is  usual  with  the  home-grown  product.  In  such 
cases,  therefore,  the  imported  food  will  probably  contain  a 
higher,  or  the  home-grown  one  a  lower,  percentage  of  dry 
matter,  than  the  average  amount  given  in  the  Table.  Even  in 
the  case  of  professedly  ripened  products,  such  as  cereal  grains 
and  leguminous  seeds,  the  character  of  the  season  will  materially 
influence  their  condition  of  dryness;  and  the  same  remark 
applies,  in  a  greater  or  less  degree,  to  such  matters  as  hays  and 
straws.  Succulent  matters  again,  such  as  roots,  vary  very 
considerably  according  to  season,  and  to  condition  of  maturity. 

So  far  as  individual  constituents  are  concerned,  very  similar 
reservations  must  be  made ;  and  especially  is  this  so  in  the  case 
of  the  nitrogen.  Even  with  professedly  ripened  products,  the 
percentage  of  nitrogen  may  vary  considerably  according  to  soil, 
manuring,  climate  or  season,  &c.,  but  esj^cially  according  to 
season ;  and  this  is  the  case  in  a  less  degree  with  the  phosphoric 
acid,  and  the  potash,  of  such  articles.  But  in  the  case  of  im- 
perfectly ripened  products,  such  as  hay,  and  in  a  much  greater 
degree  in  that  of  still  less  evenly  matured  and  more  succulent 
ones,  such  as  roots,  the  percentage  of  nitrogen  may  vary  very 
materially,  and  that  of  the  phosphoric  acid  and  potash  to  some 
extent. 

Whilst,  therefore,  the  figures  given  in  the  Table  may  be 
taken  as  representing  the  fairly  average  composition  of  the 
different  foods,  they  must  be  adopted  or  modified  with  judg- 
ment, having  regard  to  the  influence  of  the  conditions  of 
growth,  maturity,  preparation,  or  preservation,  to  which  they 
have  been  subject  Fortunately,  however,  unless  the  variation 
from  the  standard  composition  adopted  in  the  Table  be  con- 
siderable, indeed  more  than  is  usual,  the  effect  on  the  estimates 
of  manure-value  will  not  be  material ;  but  they  will  obviously 
be  much  greater  in  the  case  of  the  nitrogen,  than  in  that  of 
either  the  phosphoric  acid  or  the  potash, 
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II.  Total  or  Obiginal  Manubk-valub,  of  Consumed 

Cattle  Foods. 

Table  II.  (pp.  14-15),  shows  the  method,  and  the  resalts,  of 
the  calculation  of  the  total,  or  original  manure-value  of  the  different 
foods,  adopting  as  a  basis  their  composition  as  given  in  Table  I. 

The  first  column  of  the  Table  (II.)  shows  the  estimated 
amounts  of  each  food  required  to  give  one  part  of  fattening 
increase  in  live- weight  of  oxen  or  sheep ;  and  the  second  column 
shows  the  amounts  of  such  increase  that  would,  accordingly,  be 
yielded  by  the  consumption  of  one  ton  of  each  food.  It  is 
obvious  that  some  estimate  of  this  kind  must  be  made  before 
we  can  reckon  how  much  of  the  manure-constituents  of  the 
food  are  carried  off  by  the  animal-increase,  and  consequently 
how  much  will  remain  for  manure.  These  columns  may, 
however,  be  very  seriously  misleading,  unless  their  real  meaning 
be  understood.  Thus,  if  given  without  further  explanation,  it 
might  be  concluded  that,  by  the  exclusive  consumption  by  oxen 
or  sheep,  of  one  ton  of  any  of  the  different  foods,  the  amount  of 
fattening  increase  given  in  the  second  column  of  the  Table 
would  be  produced.  In  other  words,  that  if  so  given,  a  ton  of 
linseed-cake  would  yield  373  lbs.,  a  ton  of  oat-straw  124  lbs., 
or  a  ton  of  swedes  20^  lbs.  of  increase.  What  is  meant  is,  that 
when  any  one  of  the  foods  is  given  in  the  judicious  amount,  and 
admixture  with  other  foods,  which  experience  shows  to  be 
beneficial,  it  may  be  estimated  that  one  ton  of  the  food  so  con- 
sumed will,  approximately,  contribute  the  amount  of  increase  in 
live-weight  stated. 

This  will  be  better  understood  by  giving  some  explanation  of 
the  way  in  which  the  figures  have  been  arrived  at.  In  the  case 
of  a  few  typical  foods,  a  number  of  feeding  experiments  were 
selected  in  which  the  mixtures  given  were  comparatively  simple, 
and  the  results  fairly  average ;  and  the  productive  effect  of  the 
particular  food  has  been  calculated,  by  eliminating  that  of  the 
associated  food,  or  foods,  as  determined  in  the  case  of  other 
experiments,  the  results  of  which  have  been  calculated  in  the 
same  way.  For  example — ^the  quantity  of  clover-chaff  required 
to  produce  one  of  increase  in  various  experiments  was  deter- 
mined as  follows : — 


Oxen — ^with  Linseed-cake,  Barley,  Swedes,  and  Clover-chafif 
Uxen  „  „  „  „ 

Sheep — with  Linseed-cake,  Swedes,  and  Clover-chaff  .. 
Sheep — ^with  Barley,  Swedes,  and  Clover-chaff 
oheep—  >»»»»}»  •• 


Oover-duUr  to 
llncreMe. 

13-0 
14-3 
14-7 
13'4 
15-6 


Mean        ..        14*2 


On  the  Valuation  of  Unexhamted  Manures.  13 

In  a  similar  manner  the  productive  effects  of  linseed,  linseed- 
cakes,  barlej,  beans,  and  swedes,  each  used  in  suitable  admix- 
ture with  other  foods,  have  been  estimated.  Thus,  the  actual 
and  comparative  productive  effects  of  a  few  characteristic  foods 
have  been  approximately  determined ;  and  from  these  results  the 
capacity  of  allied  foods  has  been  estimated,  taking  into  con- 
sideration the  relative  amounts  of  digestible  and  indigestible 
constituents,  which  the  foods  to  be  compared  on  the  average 
contain.  It  is  in  this  way  that  the  figures  in  the  first  and  second 
columns  of  Table  11.  have  been  arrived  at.  It  should  be  stated, 
however,  that  in  the  case  of  the  straws  no  direct  experimental 
data  were  at  command,  and  their  productive  effects  are  esti- 
mated mainly  on  their  recorded  amounts  of  digestible  con- 
stituents compared  with  those  in  hay,  and  they  are  more 
probably  given  too  high  than  too  low. 

It  is  obvious  that  such  estimates  can  be  only  approximately 
correct ;  but  they  are  at  any  rate  the  best  that  existing  know- 
ledge renders  it  possible  to  make.  It  is  pretty  certain  that  the 
amounts  of  increase  assumed  to  be  produced  are  higher  than 
those  usually  obtained.  The  amount  estimated  to  be  yielded  by 
linseed-cake,  for  example,  is  certainly  higher  than  would  be 
obtained,  when,  as  is  sometimes  the  case,  it  is  given  in  such 
excessive  amount  that  much  is  voided  by  the  animals  undi- 
gested. On  the  other  hand,  the  amounts  of  the  different  foods 
estimated  to  be  required  to  give  1  part  of  increase  are  doubtless 
higher  than  would  be  so  required,  if  as  large  a  proportion  of  the 
constituents  were  digested  and  utilised  as  have  been  shown  to 
be  digestible  in  the  German  experiments  on  that  subject.  In 
those  experiments  the  animals  were  for  the  most  part  kept  on 
mere  sustenance  food,  so  that  they  would  digest  the  maximum 
proportion  of  the  constituents  they  received.  In  the  case  of 
fattening,  however,  especially  with  early  maturity,  the  condi- 
tions are  very  different.  The  animal  receives  a  greater  or  less 
excess  of  food,  and  not  only  voids  proportionally  more  un- 
digested, but  may  transform  more  than  is  fully  utilised.  It  is, 
nevertheless,  economy  to  give  an  excess  within  certain  limits. 
The  apparent  waste  is,  in  fact,  more  than  counterbalanced. 
Thus,  in  the  first  place,  the  manure-value  of  the  not  utilised 
food  still  remains  intact ;  but  the  real  source  of  the  economy 
is  in  the  shortening  of  the  time  of  feeding,  and  so,  at  the 
cost  of  some  excess  of  food,  saving  the  amount  that  would  be 
expended  in  the  mere  sustenance  of  the  animal  in  feeding  for 
a  longer  period. 

Trusting  that,  with  these  explanations,  the  figures  will  not  be 
misunderstood,  we  may  proceed  to  the  consideration  of  the  rest  of 
the  Table,  only  further  remarking  in  regard  to  the  estimates  in 
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Tabub  II,— 80OWIKO  th^  Data,  tbe  Method,  aacl  ibe  Rissults,  of  the  Bstocatiow 


HiTWonr, 

F«tfceiUng  IncreMO 

• 

til  Ltv«-weigfat 

In  Fattening 

(Oxen  or  Sbaqi). 

laFbod.         1 

lBoreise(atl*2T 

InXanwe. 

NO0. 

De«cri?tio5  op 

FOOM 

Per  Gent.). 

Fbod 

tol 

IncrsMe, 

lacwMe 
per  Too 
of  Food. 

Per 
Cent. 

Per  Ton. 

F^on 
iTon 

of 
Food. 

Percent, 
of  Total 
Con- 
sumed. 

Total 
Remain- 

ing  for 
Manure. 

Nitvogen 
equal 

Am- 
monia. 

Yalneof 

at  id. 

per  lb. 

lbs. 

percent. 

Ibe. 

Ibe. 

per  cent. 

lbs. 

lbs. 

£    «.    d. 

1 

Linaeed  ..     .. 

50 

4480 

8-60 

80*64 

5-60 

7*06 

74-95 

91-0 

2    5    6 

2 

Linaeed-oake.. 

60 

373-3 

4-75 

106-40 

4-74 

4*45 

101-66 

123*4 

8    18 

8 

rDeoortioated     \ 
\    ootton-eake../ 

6*5 

344-6 

6*60 

147*84 

4*88 

2-96 

148-46 

174-2 

4    7    1 

4 

Palm-nut  oaka 

70 

320*0 

2-50 

56-00 

406 

7*25 

51*94 

63-1 

1  11    7 

5 

rUndAcaitioated  \ 
\    ootton-cake../ 

80 

280-0 

8-76 

84*00 

8-56 

4-24 

80-44 

97-7 

2    8  10 

6 

Coooa>nnt  oake 

80 

280-0 

8-40 

76-16 

3-56 

4-67 

72-60 

88-2 

2    4    1 

7 

Bape<«ake 
Peaa 

GO) 

(224) 

4-90 

109-76 

2-84 

2-59 

106*92 

129-8 

3    4  11 

8 

70 

3200 

3-60 

80-64 

4-06 

5  03 

76-58 

93-0 

2    6    6 

9 

Beana     ..     .. 

7-0 

820-0 

4-00 

89-60 

4*06 

4*53 

85-54 

103-9 

2  11  11 

10 

Lentila    ..     .. 

70 

3200 

4-20 

94*08 

4-06 

4-32 

90-02 

109-3 

2  14    8 

11 

TaieB(fleed)  .. 
Indian  00m    .. 

70 

3200 

4-20 

94-08 

4*06 

4-32 

9002 

109-3 

2  14    8 

12 

7-2 

311-1 

1-70 

38-08 

8-95 

10-37 

34-13 

41-4  '  1    0    9  1 

13 

Wheat     ..     .. 

7-2 

311-1 

1*80 

40-82 

3-95 

9*80 

86-87 

44-2 

1    2    1  1 

14 

Malt       ..     .. 

70 

3200 

1-70 

38-08 

406 

10-66 

34-02 

41-3 

10    8 

15 

Barley     ..     .. 

7-2 

311  1 

1-65 

36-96 

3-95 

10-69 

3301 

40-1     1    0    1  1 

16 

Oats 

7-5 

298-7 

2-00 

44-80 

3*79 

8-46 

41  01 

49-8 

1    4  11 

17 

Bice  meal 

7-5 

298-7 

1-90 

42*56 

3-79 

8*91 

88-77 

47- 1 

13    6 

18 

Locust  beans  .. 
Malteoomba  .. 

90 

248-9 

1-20 

26-88 

3-16 

11-76 

23-72 

28-8 

0  14    5 

19 

8-0 

280-0 

8*90 

87-86 

8-56 

4-08 

88*80 

101-8 

2  10  11 

20 

FinepoUaid  .. 

7-5 

298-7 

2*45 

54-88 

8-79 

6-91 

51*09 

62-0 

1  11    0 

21 

Coarse  pollard 

80 

280-0 

2-50 

56-00 

3-56 

6-35 

52-44 

63-7 

1  11  10 

22 

Bran       ..     .. 
Clover  bay     .. 

90 

248-9 

2*50 

56*00 

3-16 

5-64 

52-84 

64-2 

1  12    1 

23 

140 

1600 

2*40 

53-76 

203 

3-78 

51*73 

62-8 

1  11    5 

24 

Meadow  bay  .. 
Pea  straw 

150 

149-3 

1-50 

33*60 

1-90 

5-65 

31-70 

38-5 

0  19    8 

25 

16-0 

140-0 

100 

22*40 

1-78 

7*95 

20*62 

250 

0  12    6 

26 

Oat  straw 

18-0 

124-4 

0-50 

11*20 

1-58 

14-11 

9*62 

11-7. 

0      5  10  ; 

27 

Wlieat  straw  .. 

210 

106-7 

0-45 

1008 

1-36 

13-49 

8-72 

10-6 

0    5    4 

28 

Barley  straw  .. 

230 

97-4 

0-40 

8-96 

1-24 

13-84 

7-72 

9-4 

0    4    8  1 

29 

Bean  straw 
Potatoes ..     .. 

220 

101-8 

0-90 

20*16 

1*29 

6*89 

18*87 

22-9 

0  11    6  1 

SO 

600 

37-3 

0*25 

5-60 

0*47 

8-39 

5*13 

6-2 

0    3    1 

31 

Carrots    ,.     .. 

85-7 

26-1 

0*20 

4*48 

0*33 

7*37 

4*15 

5-0 

0    2    G 

82 

Pannipa ..     .. 
Manffel  wnrsEelB 
SwecBsb  tnmips 

760 

29-9 

0-22 

4-98 

0-88 

7-71 

4-55 

5-5 

0    2    9 

33 

960 

23-3 

0-22 

4-98 

0-30 

600 

4-63 

5-6 

0    2  10 

34 

109-1 

20-5 

0*25 

5-60 

0*26 

4*64 

5-34 

6-5 

0    3    3 

35 

Yellow  tnmips 

183*3 

16-8 

0*20 

4-48 

0*21 

4*69 

4-27 

5-2 

0    2    7 

36 

White  tmnipa 

150-0 

14-9 

018 

4-03 

0-19 

4*71 

8*84 

4-7 

0    2    4 
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of  Uie  Obioihal  IfAznnuB-VALUi  of  OATTUhvooDB  after  OoKsuifFnoN. 


PUDSmOEIC  AOID. 

POTAOI. 

In  Food. 

In  Fattening 

Increaae(at 

0*86  Per  Gent.)* 

InlCanurc 

1 

In  Food. 

InFattcolng 

Increase  (at 

a*ll  Per  Cent.). 

In  Manure. 

Total 
Orlginal 
Manure* 

▼alue 

Oat. 

Per  Too. 

rrom 
iTon 

of 
Food. 

Percent, 
of  Total 
Con- 
sumed. 

Total 
Bemain- 

log  for 
Manure. 

Valne 
■tSd. 
per  lb. 

Per 
Cent 

PvTott. 

iTon 

of 
Food. 

Per 
Cent,  of 
Total 
Con- 
sumed. 

Total 
Bemaln- 

Ing  for 
Ifannre. 

Value 
atNd. 
per  lb. 

per  Ton 

of  Food 

Counnied. 

percent. 
1-54 

Iba. 
34-50 

Iba. 
3-85 

per  cent. 
11-16 

Iba. 
30*65 

t. 

7 

4. 
8 

percent. 
1-37 

lbs. 
30-69 

lbs. 
0-49 

percent 
1-60 

lbs. 
30-20 

s.    d. 
6    3 

£    t.     d. 

2  19    5 

2-00 

44-80 

3-21 

7-17 

41-60 

10 

5 

1-40 

81*36 

0*41 

1-81 

80-95 

6    5 

8  18    6 

3-10 

69*44 

2-96 

4-26 

66-48 

16 

8 

2-00 

44-80 

0*38 

0-85 

44-42 

9    8 

5  18    0 

1-20 

26-88     2-75 

10*23 

24  18 

6 

0 

0-50 

11-20 

0-85 

3-13 

10-85 

2    8 

1  19  10 

200 

44*80 

2-41 

5-38 

42-39 

10 

7 

2-00 

44-80 

0*31 

0-69 

44-49 

9    8 

8    8    8 

1-40 

81*36 

2-41 

7-68 

28-95 

7 

3 

2-00 

44-80 

0-31 

0-69 

44-49 

9    3 

3    0    7 

2-50 

5600 

1-93 

3-45 

5407 

13 

6 

1-50 

88-60 

0*25 

0-74 

88-85 

6  11 

4    5    4 

0-85 

19*04 

2-75 

14-44 

16-29 

4 

1 

0-96 

21-50 

0-35 

1-68 

21-15 

4    5 

2  15    0 

1-10 

24-64 

2-75 

11-16 

21-89 

5 

6 

1-30 

29-12 

0*35 

1-20 

28-77 

6    0 

3    3    5 

0-75 

16-80 

2-75 

16-37 

14-05 

3 

6 

0*70 

15-68 

0-35 

2-28 

15-33 

8    2 

3    14 

0-80 

17-92 

2-75 

15-35 

15  17 

8 

9 

0-80 

17-92 

0*85 

1-95 

17-57 

3    8 

3    2    1 

0-00 

13-44 

2-68 

19-94 

10-76 

2 

8 

0-37 

8-29 

0-34 

4- 10 

7-95 

1    8 

1    5    1 

0-85 

19-04 

2*68 

14-08 

16-36 

4 

1 

0-58 

11-87 

0-84 

2*86 

11-53 

2    5 

18    7 

0-80 

17-92 

2-75 

15*35 

15-17 

8 

9 

0*50 

11-20 

0*35 

3-13 

10-85 

2    8 

16    8 

0-75 

16-80 

2*68 

15-95 

14  12 

3 

6 

0-55 

12-32 

0-84 

2-76 

11-98 

2    6 

1    6    1 

0-00 

13-44 

2-57 

19-12 

10-87 

2 

8 

0-50 

11-20 

0*83 

2*94 

10-87 

2    3 

1    9  10 

(0-60) 

(13-44) 

2-57 

(19-12) 

ao-87) 

(2 

8) 

(0*87) 

(8-29) 

0-88 

(4*00) 

(7*96) 

(1    8) 

(1  7  10) 

•  • 

•• 

2-14 

•  • 

••     1 

•  • 

•  • 

0*27 

•• 

•  • 

■• 

•• 

2-00 

44*80 

2-41       5-38 

42*89 

10 

7 

200 

44-80 

0-81 

0*69 

44*49 

9    3 

3  10    9 

2-90 

64-96 

2-57 

8-96 

62-89 

15 

7 

1*46 

82-70 

0*83 

101 

32-37 

6    9 

2  18    4 

3-50 

78-40 

2-41 

3*07 

75-99 

19 

0 

1-50 

33-60 

0-81 

0-92 

83-29 

6  11 

2  17    9 

3-60 

80-64 

2*14 

2*65 

78-50 

19 

8 

1*45 

32-48 

0-27 

0*88 

32-21 

6    8 

2  18    5 

0-57 

12-77 

1-38 

10-81 

11-89 

2  10  1 

1-50 

88-60 

0-18 

0*54 

88-42 

7    0 

2    13 

0-40 

8-96 

1-28 

14*28 

7-68 

1 

11 

1-60 

85-84 

016 

0*45 

35*68 

7    5 

18    7 

0-35 

7-84 

1-20 

15-81 

6-64 

1 

8 

1*00 

22-40 

0-15 

0-67 

22-25 

4    8 

0  18  10 

0-24 

5-38 

1-07 

19-89 

4-31 

1 

1 

1-00 

22-40 

0-14 

0-68 

22*26 

4    8 

0  11    7 

0-24 

5-38 

0*92 

17  10 

4-46 

1 

1 

0*80 

17-92 

0-12 

067 

17-80 

3    8 

0  10    1 

0-18 

4-03 

0-84 

20*84 

319 

0 

9 

1-00 

22-40 

0-11 

0-49 

22-29 

4    8 

0  10    1 

0-30 

6-72 

0-88 

13  10 

5-84 

1 

5 

1*00 

22-40 

0-11 

0-49 

22-29 

4    8 

0  17    7 

015 

3-86 

0-32 

9-52 

8*04 

0 

9 

0*55 

12*82 

0-04 

0-32 

12-28 

2    7 

0    6    5 

0*09 

202 

0-22 

10-89 

1-80 

0 

5 

0-28 

6*27 

0  03 

0-48 

6-24 

1    4 

0    4    3 

0*19 

4-26 

0-26 

6-10 

4*00 

1 

0 

0-86 

8-06 

008 

0*37 

808 

1    8 

0    5    5 

0*07 

1-57 

0-20 

12*74 

1*87 

0 

4 

0-40 

8-96 

0-08 

0-84 

8*93 

1  10 

0    5    0 

006 

1-84 

0-18 

18-48 

1-16 

0 

4 

0-22 

4-98 

0-02 

0-41 

4-91 

1    0 

0    4    7 

(0-06) 
0*05 

(1-84) 
1*12 

0*14 
018 

(10*78) 
11-61 

(1-20) 
0-99 

% 

f 

(0-22) 
0-80 

(4-98) 
6-72 

0*02 
0-02 

(0-34) 
0*80 

(4-91) 
6-70 

qP 

(0  8  11) 
0    4    0 
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question,  that  the  amount  of  the  manure-constituents  of  the  food 
carried  off  bj  fattening  increase  is  under  all  circumstances  so 
small  that,  for  the  purposes  of  our  calculations  of  manure*value, 
even  a  considerable  variation  from  the  average  amounts  assumed 
to  be  taken  up  bj  the  animal  would  affect  the  final  result  but 
little. 

The  next  division  of  the  Table  (II.,  pp.  14-15),  comprising 
seven  columns,  relates  to  the  amount,  and  to  the  distribution,  of 
the  nitrogen  of  the  foods.  There  are  given — the  amounts  of  it  per 
cent.,  and  per  ton,  as  in  Table  I. ;  die  actual  amount  estimated 
to  be  contained  in  the  increase  in  live*weight  of  the  animal 
consuming  one  ton  of  the  food,  and  the  percentage  of  the  total 
nitrogen  consumed  which  is  so  retained  in  the  increase;  the 
amount  of  the  nitrogen  of  the  food  remaining  for  manure, 
the  amount  of  ammonia  to  which  it  corresponds,  and  its 
money-value  reckoned  at  6ef.  per  lb.  of  ammonia. 

Throughout  the  calculations,  we  have  assumed  onlj  fattening 
increase  to  be  produced,  and  that  this  will  contain  8  per  cent 
of  nitrogenous  substance,  corresponding  to  1*27  per  cent,  of 
nitrogen  in  the  increase.  It  will  be  seen  that,  according  to  the 
figures,  the  only  food  in  the  list  of  which  a  ton  is  estimated  to 
contribute  more  than  5  lbs.  of  nitrogen  to  the  fattening  increase 
is  linseed,  and  that  in  the  case  of  none  of  the  cakes,  or  of  the 
leguminous  seeds,  will  1  ton  contribute  5  lbs.  of  nitrogen  to  the 
increase ;  whilst  the  amount  is  in  several  cases  under  4  lbs. 
A  ton  of  the  cereal  grains,  or  of  their  products  (and  locust 
beans),  generally  contributes  under  4  lbs. ;  a  ton  of  hay  or  straw 
less  than  half  as  much ;  and  a  ton  of  roots  very  much  less  still. 

To  put  it  in  another  way :  of  the  total  nitrogen  consumed  in 
the  foods  rich  in  that  substance,  such  as  the  cakes  and  the 
leguminous  seeds,  there  is  generally  less  than  5  per  cent, 
retained  in  the  fattening  increase  in  live-weight.  The  cereal 
grains,  on  the  other  hand,  which  are  much  less  rich  in  nitrogen, 
contribute  a  much  larger  proportion  of  their  total  amount  to 
the  increase ;  indeed,  generally  about  10  per  cent,  of  it.  The  gra- 
mineous straws  contribute  a  higher  proportion  still ;  whilst  the 
roots  lose  by  feeding  on  an  average  only  about  5  or  6  per  cent, 
of  their  nitrogen. 

It  is  thus  seen  that,  when  fattening  increase  only  is  produced, 
the  proportion  of  the  nitrogen  of  the  food  which  is  retained  by 
the  animal,  and  so  lost  to  the  manure,  is  very  small  in  the  case 
of  the  richer  foods,  but  more  in  that  of  the  poorer  ones ;  but 
even  with  them  it  seldom  exceeds  10  per  cent.,  excepting  with 
the  straws.  It  may  be ;  assumed,  however,  that  when  the  foods 
are  consumed  by  storei  animals,  about  twice  as  much  of  the 
nitrogen  of  the  food  is  retained  by  the  animal,  and  so  lost  to  the 
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manure.  And  when,  as  is  more  and  more  the  case  with  earlj 
matmity,  the  increase  comprises  a  larger  proportion  of  growth 
than  in  mere  fattening,  the  amount  of  the  nitrogen  of  the  food 
which  will  be  lost  to  the  manure  will  be  between  that  given  in 
the  Table  and  twice  as  much. 

The  third  dirision  of  the  Table  relates  to  the  phosphoric  acid, 
and  there  are  given  for  each  food,  as  in  the  case  of  the  nitrogen, 
the  amounts  of  it  per  cent,  and  per  ton,  of  the  foods ;  the  amount 
estimated  to  be  retained  in  the  increase ;  the  amount  remaining 
for  manure,  and  the  money-value  of  this  at  3d.  per  lb. 

It  will  be  seen  that  there  is  only  about  two-thirds  as  much 
phosphoric  acid  as  of  nitrogen  retained  in  a  given  weight  of 
fattening  increase ;  but  owing  to  the  very  generally  less,  and 
sometimes  much  less,  amount  of  it  in  the  foods,  a  greater  pro* 
portion  of  that  consumed  is  retained  in  the  animal,  and  a  less 
proportion  remains  for  manure.  It  should  be  added  that,  in  the 
case  of  store  and  still  growing  animals,  the  amount  of  phosphoric 
acid  retained  in  a  given  weight  of  increase  will  be  very  much 
greater  than  in  mere  fattening ;  indeed  in  mere  store  increase  it 
may,  as  in  the  case  of  the  nitrogen,  be  nearly  twice  as  great  as 
in  mere  fattening. 

Of  potash,  the  Table  shows  that  a  given  weight  of  fattening 
increase  retains  only  about  one-eighth  as  much  as  it  does  of 
phosphoric  acid ;  and  the  percentage  of  the  whole  in  the  food 
which  is  lost  to  the  manure  is  generally  very  small.  In  its  case, 
as  in  that  of  the  nitrogen  and  phosphoric  acid,  the  amount 
retained  in  mere  store  increase  will  be  nearly  twice  as  much  as 
in  mere  fattening  increase,  but  the  total  quantity  retained  is  still 
very  small.  The  potash  remaining  for  manure  is  valued  at  2^d. 
per  lb. 

The  last  column  of  Table  II.  shows  the  total  manure-value  of  a 
ton  of  each  of  the  foods  after  consumption,  reckoning  the  nitro* 
gen,  the  phosphoric  acid,  and  the  potash,  at  the  prices  above 
named,  which  are  those  at  which  they  can,  at  the  present  time, 
be  purchased  in  artificial  manures.  In  our  formerly-published 
estimates  we  valued  the  nitrogen  and  phosphoric  acid  at  the 

firices  at  which  they  could  then  be  purchased  in  Peruvian  guano, 
n  those  estimates  ammonia  was  taken  at  8cf.  per  lb.,  but  now  it 
is  reckoned  at  only  6d, ;  phosphoric  acid  was  taken  at  about  2^., 
but  now  at  Sd.  per  lb.  (as  in  *^  precipitated  phosphate ") ;  and 
potash  was  then  valued  at  2d.  per  lb.,  but  now  at  2^d. 

Notwithstanding  the  somewhat  higher  value  now  given  to 
phosphoric  acid  and  potash,  and  the  less  amount  of  the  nitrogen 
of  the  food  now  reckoned  to  be  lost  by  the  feeding,  the  reduction 
in  the  price  of  ammonia  by  one-fourth,  brings  all  the  estimates 
of  total,  or  original  manure-value  lower  now  than  formerly. 
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Thus,  tbe  total  manme-yalue  of  a  ton  of  linseed-cake  oonsnmed^ 
which  was  previouslj  reckoned  at  42.  12«.  6^.,  is  now  taken  at 
3/.  18s.  6(2. ;  that  of  a  ton  of  maize  is  leduoed  bora  IL  lis.  to 
IL  5s.  Id. ;  and  that  of  other  foods  in  varying  proportions^ 
depending  partlj  on  the  alteration  (if  any)  in  the  adopted 
average  composition  of  the  foods,  bnt  mainly  on  the  reduction 
in  the  money-value  assigned  to  ammonia. 

HI.  Unexhausted  Manure-value  op  Cattle  FooDa 

So  much  for  the  method,  and  the  results,  of  the  estimation 
of  the  total  or  original  manure'vaius  of  the  different  foods^ 
deducting  merely  the  nitrogen,  the  phosphoric  acid,  and  the 
potash,  estimated  to  be  retained  by  the  animal  consuming  them^ 
and  reckoning  the  remainder  at  the  prices  at  which  they  can 
be  purchased  in  artificial  manures.  We  have  now  to  attempt  the 
still  more  complicated  and  difficult  task  of  endeavouring  to  esti- 
mate the  unexhausted  manure^vcdue  of  the  different  foods,  or  what 
may  be  called  their  compensation-valuej  after  they  have  l>een  used 
for  a  series  of  years  by  the  outgoing  tenant,  and  he  has  realised 
a  certain  portion  of  the  manure-value  in  his  increased  crops. 

As  already  said,  we  have  in'  the  case  of  a  number  of  the  foods 
endeavoured  to  estimate  the  probable  amounts  of  increase  that 
the  tenant  would  obtain  in  his  barley  and  wheat  crops,  sup- 
posing that  the  food  were  used  at  the  rate  of  one  ton  per  acre 
m  eight  years,  or  one  ton  over  8  acres  each  year ;  and  then, 
after  making  allowance  for  loss,  we  have  estimated  the  value 
of  the  unexhausted  residue  at  a  declining  rate  from  the  last  to 
the  eighth  year.  These  results  gave  a  basis  for  consideration^ 
and,  having  studied  them,  and  settled  what  seemed  to  be  a 
suitable  allowance,  we  have  fixed  upon  a  scale  of  reduction, 
starting  from  the  original  manure-value  as  estimated  in  Table  IL 

The  rule  so  determined  upon  is — ^to  deduct  one*half  of  the 
original  manure-value  of  the  food  used  the  last  year,  and 
one-third  from  year  to  year,  each  year  to  the  eighth,  in  the  case 
of  all  the  more  concentrated  foods,  and  the  roots,  in  fact  of  all 
the  foods  in  the  list  excepting  the  hays  and  the  straws;  and 
for  these,  which  contain  larger  amounts  of  indigestible  matter, 
and  the  constituents  of  which  will  be  more  slowly  available  to 
crops,  two-thirds  of  the  original  manure-value  is  deducted  for  the 
last  year,  and  only  one-fifth  from  year  to  year  to  the  eighth  year. 

The  results  of  the  estimates  of  compensation'Vahie  so  made 
are  given  in  Table  III.  (p.  19).  The  first  column  shows  the 
total  or  original  manure^value  of  each  food.  The  second  column 
shows  the  allowance  for  the  last  year,  and  the  succeeding  seven 
columns  that  for  each  succeeding  year  to  the  eighth.    The  liut 
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Tabu  HL — X^lak  and  Bbsults  of  Estxhations  of  the  CoxprnrsATioH-yALUS  of  Uhez- 
HAU8T8D  Manube,  Starting  from  the  Obioinal  MAinTBE-vALUE,  that  is  t)ie  YaluS} 
deducting  the  oonstitnents  of  increase  in  FATTiofiHa  Live-weight  only. 


OrigfuAl 

Mannre- 

▼alue, 

deducting 

Increase  in 

Uve-wvight 

only. 

Compenaation-Talne  of  Unezhansted  Manure. 

VOODS. 

Last 
Year. 

Second 
Year. 

Third 
Year. 

Fourth 
Year. 

Fifth 
Year. 

Sixth 
Year. 

Seventh 
Year. 

EUthth 

TotaL 

DxDTiOT  i  of  Original  MAinnix-VALUB  the  Last  Yeab,  and  ^ 

from  Ykab  tc 

>  Y: 

BAB. 

One  Ton. 

£    t. 

d. 

£   i.    d. 

£    t.     d. 

£    t.    d. 

t.    d. 

t.    d. 

«.   d. 

t.    d. 

f. 

d. 

£    «.     d. 

Lliinaeed.. 

2  19 

5 

19    9 

0  19  10 

0  13    2 

8  10 

5  10 

3  11 

2    7 

1 

9 

4    5    8 

2.  Linseed-cake 

3  18 

6 

1  19    3 

1    6    2 

0  17    6 

11    8 

7    9 

5    2 

3    5 

2 

4 

5  13    3 

«f  Decorticated 
^    ootton-cake.. 

Is  13 

0 

2  16    6 

1  17    8 

15    1 

16    9 

11    2 

7    5 

4  11 

3 

4« 

8    2  10 

4.  Palni-nut  cake 

1  19  10  iO  19  11 

0  13    3 

0    8  10 

5  11 

3  11 

2    8 

1    9 

1 

2 

2  17    5 

r/  Undeoorticated ' \q    q 
^    cotton-cake    \r 

8 

1  14    4 

1    2  11 

0  15    3 

10  2 

6  10 

4    6 

3    0 

2 

0 

4  19    0 

&  Coooa-nnt  cake    3    0 

7 

1  10    3 

10    2 

0  13    5 

9    0 

6    0 

4    0 

2    8 

1 

9 

4    7    8 

7.  Bape-cake    .. 

4    5 

4 

2    2    8 

18    6 

0  19    0 

12    8 

8    5 

5    7 

3    9 

2 

6 

6    3    1 

8.  Peas      ..      .. 

2  15 

0 

17    6 

0  18    4 

0  12    3 

8    2 

5    5 

3    7 

2    5 

1 

7 

3  19    8 

9.Beao8    ..     .. 

3    3 

5 

1  11    9 

112 

0  14    1 

9    5 

6    3 

4    2 

2    9 

1 

10 

4  11    5 

10.  Lentils..      .. 

3    1 

4 

1  10    8 

10    5 

0  13    8 

9    1 

6    1 

4    1 

2    8 

1 

9 

4    8    5 

11.  Tares  (seed).. 

3    2 

1 

1  11    1 

10    8 

0  13    9 

9    2 

6    1 

4    1 

2    9 

1 

10 

4    9    5 

L&  Indian  ooru  .. 

1    5 

1 

0  12    6 

0    8    4 

0    5    7 

3    8 

2    6 

1    8 

1    1 

0 

9 

1  16    1 

la  Wheat  ..      .. 

1    8 

7 

0  14    3 

0    9    6 

0    6    4 

4    3 

2  10 

1  11 

1    3 

0  10 

2    12 

14.  Malt      ..      .. 

1    6 

8 

0  13    4 

0    8  11 

0    5  11 

4    0 

2    8 

1    9 

1    2 

0 

9 

1  18    6 

15l  Barley  ..      .. 

1    6 

1 

0  13    1 

0    8    8 

0    5    9 

3  10 

2    7 

1    9 

1    2 

0 

9 

1  17    7 

16.  Oats      ..     .. 

1    9  10 

0  14  11 

0    9  11 

0    6    8 

4    5 

2  11 

2    0 

1    4 

0  11 

2    3    1 

n.Bioeineal     .. 

(1    7 

10) 

(0  1311)(0    9    3) 

(0    6   2) 

(4    1) 

(2    9) 

(110) 

(1    3) 

(0  10) 

(2    0  1) 

18.  Locost  beans 

•  • 

•  • 

•  • 

•  • 

•  • 

•  « 

.  < 

•  ■ 

• 

m 

•  • 

19.  Halt  cocMnbs 

3  10 

9 

1  15    4 

1    3    7 

0  15    9 

10    6 

7    0 

4    8 

3    1 

2 

1 

5    2    0 

20l  Fine  pollard.. 

2  13 

4 

16.8 

0  17  10   :0  11  10 

7  11 

5    3 

3    6 

2    4 

1 

7 

3  16  11 

2L  Coarse  poUaid 

2  17 

9 

1    8  10 

0  19    3 

0  12  10 

8    7 

5    8 

3  10 

2    7 

1 

8 

4    3    8 

22.  Bran      ,.     .. 

2  18 

5 

19    2 

0  19    6 

0  18    0 

8    8 

5    9 

8  10     2    7 

1 

8 

4    4    2 

DSDUCT  } 

of  Obiginal  Makxtbe-valtte 

the  Last  Yeab 

t  and  I 

from  Yeab  tG 

»  Yeab. 

One  Ton. 

23.CIoTerhay   .. 

2    13 

0  13    9 

0  11    0 

0    8    9 

7    0 

5    7 

4    6 

3    7 

2  11 

2  17    1 

24.  Meadow  hay.. 

18    7 

0    9    6 

0    7    7 

0    6    1 

4  11 

3  11 

3    2 

2    6 
1    8 

2    0 

1  19    8 

25uPeastiaw     .. 

0  18  10 

0    6    3 

0    5    0 

0    4    0 

3    3 

2    7 

2    1 

1    4 

16    2 

26.  Oat  straw     .. 

0  11    7 

0    3  10 

0    3    1 

0    2    6 

2    0 

1    7 

1    3 

1    0 

0  10 

0  16    1 

27.  Wheat  straw 

0  10    1 

0    3    4 

0-2    8 

0    2    2 

1    9 

1    5 

1    1 

0  11 

0    8 

0  14    0 

28.  Barley  straw 

0  10    1 

0    3    4 

0    2    8 

0    2    2 

1    9 

1    5 

1    1 

0  11 

0    8 

0  14    0 

29.  Bean  straw  .. 

0  17    7 

0    5  10 

0    4    8 

0    3    9 

3    0 

2    5 

1  11 

1    6 

1    3 

14    4 

Deduct  i  of  Original  Mantjbb-value  the  Last  Yeab,  and  j 

from  Yeab  to  Yeab. 

Ten  Tons. 

3&Potato» 

8    4    2 

1  12    1 

1     1    5 

0  14    8 

9    6 

6    4 

4    3 

2  10 

1  11 

4  12    7 

SLCazrots..      .. 

2    2    6 

1     1    8 

0  14    2 

0    9    5 

6    4 

4    2 

2  10 

1  10 

1    3 

3    18 

SiParsnios 

3t  Mangel  wnrzels 

31  Swedish  tnrnipe 

2  14    2   1    7    1 

0  18    1 

0  12    1 

8    0 

5    4 

3    7 

2    4 

1    7 

3  18    1 

2  10    0   1    5    0  0  16    8  ;0  11    1 

7    5 

4  11 

3    4 

2    2 

1    6 

8  12    1 

2    5  10  1    2  11  'O  15    3  |0  10    2 

6  10 

4    6 

3    0 

2    0 

1    4 

8    6    0 

35.  Yellow  tnmins 

(1  19    2) 

(0  19  7) 

(0  13  1) 

(0   8  9) 

(5  10) 

(3  11) 

(2    7) 

(1    9) 

<J    ?? 

(2  16  8) 
2  17    8 

3&  White  tomips 

2    0    0 

10    0 

0  13    4 

0    8  11 

5  11 

3  11 

2    8 

1    9 

1    2 

J 
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column  gires  the  total  compensatum-vahie  for  the  eight  jean 
consumption. 

It  may  seem  at  first  sight  that  a  deduction  of  50  per  cent, 
from  the  original  manure-value  of  the  food  used  in  the  last  year 
is  large ;  but  we  have  not  only  to  make  allowance  for  all  losses 
to  which  the  manure  may  be  subject,  which  may  be  considerable, 
especially  if  much  of  the  food  is  consumed  in  the  yards  ;  but  it 
is  also  to  be  borne  in  mind  that  the  money  paid  for  com- 
pensation will  not  yield  its  full  return  for  a  long  time.  Only 
half  the  original  manure-value  would  therefore  be  allowed  if 
the  food  were  only  used  one  year ;  and  all  scales  of  allowance 
arranged  by  Farmers'  Clubs  assume  the  consumption  for  more 
*  than  one  year.  If,  however,  the  food  is  used  for  eight  years,  or 
more,  it  will  be  seen  that  the  total  allowance  considerably 
exceeds  the  original  manure-value  of  one  year's  consumption  ; 
the  allowance  made  for  the  accumulation  bringing  it  up  to 
from  one-and-a-third  to  one-and-a-half  as  much  as  the  original 
manure-value. 

In  order  to  test  the  applicability  of  the  scale  of  compensation 
proposed,  let  us  take  a  very  simple  and  ordinary  case,  and  see 
what  would  be  the  allowance  allotted  to  the  outgoing  tenant 
according  to  the  estimate  given  in  the  Table.  Let  us  suppose 
the  case  of  a  Norfolk  or  Lincolnshire  farm  under  the  ordinary 
•four-course  rotation,  with  meat  and  grain  only  sold,  the  roots 
fed  partly  on  the  land  and  partly  in  the  yards.  Assume,  further, 
that  the  land  is  thoroughly  clean,  and  that  the  farm  is  in  every 
respect  in  good  order  when  given  up.  It  is  pretty  certain, 
indeed,  that  every  claim  for  compensation  will  have  to  be  settled 
on  its  own  merits  ;  that  the  character  of  the  soil,  the  cropping, 
the  state  of  the  land  as  to  cleanliness,  and  many  other  points, 
will  be  taken  into  consideration,  both  for  and  against  any  claim. 
As  already  intimated,  the  essential  basis  of  the  system  of  esti- 
mate and  valuation  of  the  unexhausted  residue  adopted,  is  the 
assumption  of  gradual  accumulation  within  the  soil,  and  of  slow 
recovery  from  it.  Suppose  then  that  linseed-cake  had  been 
used  annually  for  eight  years,  at  the  average  rate  of  one  ton 
over  eight  acres  each  year,  or  of  one  ton  per  acre  in  eight  years. 
Each  acre  would  thus,  on  the  average  receive,  either  in  farm- 
yard-manure, or  directly  by  the  feeding  with  roots  or  clover  on 
the  land,  the  manure  from  the  consumption  of  one  ton  of  linseed- 
cake  in  eight  years,  or  at  the  average  rate  of  one-eighth  of  a  ton, 
or  2j^  cwts.,  per  acre,  per  annum. 

The  first  column  of  Table  III.  (p.  19)  shows  that  the  original 
manure'Value  of  one  ton  of  linseed-cake  consumed,  that  is,  the 
value  deducting  only  the  constituents  stored  up  in  the  animal, 
is  estimated  to  be  3/.  18#.  &d.    The  subsequent  columns  of  the 
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flame  Table  show  the  estimated  compensation-vdlue  of  the  un^ 
exhausted  residue  from  one  ton.consumed  (that  is,  after  the  tenant 
has  realised  the  benefit  of  the  increase  of  his  crops),  to  be,  if 
nsed  each  jear  for  eight  jears,  as  giren  in  the  first  column  of 
the  following  Table ;  the  second  column  showing  the  amount 
per  acre  per  annum : — 


Last  year 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 


t» 

»♦ 
» 
n 


Total  .. 


CompeDsaUon  Allowance  for  One  Ton 
of  LInseed-cBke  consnmed. 


Per  Annnm, 
Bight  Tears. 


£    a.  d, 

1  19  3 

16  2 

0  17  6 

0  11  8 

0    7  9 

0    5  2 

0    3  5 

0    2  4 


5  13    3 


Per  Acre,  in 
Eight  Years. 


£  B,  d. 
0  4  11 
0  8  3 
0    2 

1 

1 

0 

0 

0 


0 
0 
0 
0 
0 


2 
6 
0 
8 
5 
3 


0  14    2 


Thus,  according  to  the  first  column  of  the  Table,  the  value 
of  the  unexhausted  manure-residue  from  the  consumption  of  one 
ton  of  linseed-cake  annually  for  eight  jears  would  be  5/.  Ids.  8d.y 
or  nearlj  45  per  cent,  more  than  the  original  manure-ralue  of 
one  yearns  consumption.  Or,  as  the  second  column  shows, 
the  allowance  would  be  at  the  rate  of  lAs.  2d.  per  acre  over  the 
whole  farm. 

Whether  such  an  allowance  would  be  too  much  or  too  little 
under  the  circumstances  supposed,  is  a  Question  for  considera- 
tion. The  conditions  supposed  are — ^a  light-land  farm,  upon 
which  the  manure  from  purchased  food  is  an  essential  element  of 
profitable  cultivation ;  that  meat  and  grain  alone  are  sold ;  and 
that  the  farm  is  given  up  in  a  satisfactory  state  in  every  respect. 
Also  that  each  acre  received,  on  the  average,  during  the  last 
eight  years,  the  manure  derived  from  the  consumption  of  one  ton 
of  linseed-cake.  The  question  between  the  two  parties  concerned 
is,  whether  the  outgoing  tenant  would  receive  sufficient  remu- 
neration for  his  unexhausted  manure  ?  and,  on  the  other  hand, 
whether  the  landowner,  or  the  incoming  tenant,  would  pay  more 
than  will  be  recovered  in  increase  of  crops?  An  allowance 
of  14^.  2d.  per  acre  on  a  farm  of  400  acres,  would  amount  to 
283/.  6s.  Sd,j  which  is  a  large  sum  to  pay ;  and  it  is  certain  that 
the  recovery  of  the  amount  will  only  be  gradual.  It  is  well 
known  that  both  time  and  money  are  required  to  get  land  into 
condition,  and  here  is  land  already  in  condition. 
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Let  us  consider  tbe  effect  of  such  a  valnation  of  unexhausted 
manure  from  two  opposite  points  of  view.  The  outgoing  tenant 
may  consider  that  he  is  entitled  to  a  larger  sum,  and  he  prefers 
to  claim  compensation  under  the  Act.  The  outgoing  tenant 
of  the  future  will,  howerer,  have  another  alternative.  He  can 
reduce  the  stock  of  fertility  bj  the  consumption  of  foods  which 
have  high  feedings  but  low  manure-value,  and  which  are  lower 
in  price  than  the  foods  which  possess  both  high  feeding-  and 
high  manure-value.  The  incoming  tenant  knows  what  he  has 
to  paj  for,  and  has  onlj  himself  to  blame  if  he  pays  too  much. 
But  behind  the  incoming  tenant  is  the  landowner,  who  must 
himself  pay  the  claim  of  the  outgoing  tenant  if  he  can  find  no 
one  else  to  do  so.  It  is,  therefore,  a  matter  of  importance  to  the 
landlord  that  the  compensation  should  be  fixed  on  a  basis 
sufficiently  reasonable  to  render  it  not  worth  his  while  to  carry 
the  case  to  arbitration,  or  into  a  court  of  law. 

In  1876,  Mr.  Thomas  Huskinson,  who  was  at  that  time 
President  of  the  Institute  of  Surveyors,  gave  evidence  before 
the  Chemical  Committee  of  the  Royal  Agricultural  Society  in 
reference  to  the  Lincolnshire  custom.  He  said  that  com- 
pensation was  the  universal  custom  so  far  as  cakes  were  con- 
cerned, but  not  in  the  case  of  any  other  foods.  For  cakes, 
one-half  the  cost  of  the  last  year's  consumption  was  allowed ; 
but  this  was  not  to  be  more  than  the  average  of  the  two  pre- 
ceding years.  At  that  date  the  price  of  linseed-cake  was 
higher  than  at  present,  and  very  much  higher  than  was  that  of 
decorticated  cotton-cake,  which  was  only  used  in  comparatively 
small  quantities,  nor  was  its  higher  manure-value  generally 
recog^sed.  It  may  be  observed  that  the  above  allowance 
of  5/.  13«:  3^.,  founded,  not  on  cost,  but  on  original  and  un- 
exhausted manure-value,  would  considerably  exceed  half  the  cost 
of  one  year's  consumption  at  the  present  price  of  linseed-cake. 

It  must  be  evident  that  the  custom  of  giving  compensation 
upon  cakes  alone,  as  in  Lincolnshire  and  some  other  counties, 
has  acted  as  a  bounty  in  favour  of  such  foods,  and  has  so 
artificially  enhanced  their  relative  price.  The  Act  of  1883, 
however,  gives  compensation  for  unexhausted  manure-value, 
whenever  it  can  be  proved  to  exist,  by  the  use  of  whatever  food, 
or  manure,  it  may  have  been  accumulated  in  the  soil.  It  is  very 
desirable,  therefore,  to  endeavour  to  make,  and  to  publish,  for 
the  information  and  the  consideration  of  those  whose  business 
it  is  to  settle  claims  for  compensation,  the  best  estimates  which 
the  knowledge  of  the  time  permits— of  the  average  composition, 
not  only  of  cakes,  but  of  all  other  foods  likely  to  be  used,  of  their 
total  or  original  manure-value  after  consumption,  and  of  their 
unexhausted  manure-value  after  they  have  yielded  increase  of  the 
crops  grown. 
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It  will  be  obvious  that,  if  it  be  onoe  admitted,  that  the  manure* 
ralue  of  foods  depends  on  their  composition,  and  on  the  date 
of  their  consumption,  it  is  yerjr  important  that  farmers  should 
be  at  liberty  to  use  those  foods  which  are  at  the  time  the 
cheapest,  or  otherwise  the  most  advantageous.  It  is  true  that, 
hitherto,  he  could  do  so,  but  not  without  running  the  risk  of 
losing  his  claim  for  compensation  for  unexhausted  fertility ;  or, 
at  any  rate,  he  would  not  benefit  from  those  arrangements  for 
compensation  which  have  been  made  between  owners  and 
occupiers  of  land  to  avoid  litigation.  Such  arrangements  are 
most  laudable ;  but  they  have  been  confined  in  their  application 
to  a  few  favourite  articles,  which  have  thereby  been  enhanced 
in  price  beyond  their  natural  commercial  value.  It  is  in  the 
hope  that  the  extension  of  such  arrangements  to  foods  generally 
will  be  facilitated,  that  we  have  been  encouraged  to  draw  up 
and  to  publish  the  Table  of  allowances  now  under  consideration. 

As  before  referred  to,  we  have,  in  the  construction  of  the 
Table  (III.,  p.  19)  in  all  cases  adopted  one  uniform  rate  of  de- 
duction from  year  to  year,  excepting  in  those  of  the  hays  and  the 
straws,  as  already  explained,  and  as  shown  in  the  Table.  We  do 
not,  however,  at  all  assume  that  there  is  no  difference  in  the 
activity  of  the  manure  from  the  different  foods  thus  classed 
together,  or  that  their  imexhausted  residue  will  be  available  at 
exactly  the  same  rate.  Then,  again,f  it  is  obvious  that  to  assume 
the  consumption,  and  the  manure-value,  to  be  the  same  on  each 
ere,  and  in  each  year,  is  not  strictly  in  accordance  with  the 
facts,  as  one  year  the  food  will  produce  animal  increase,  and 
another  year  increase  in  crops,  and  so  on.  But  to  have 
attempted  to  fix  a  different  scale  for  each  food,  and  for  each  year, 
according  to  such  circumstances,  would  have  been  to  assume 
a  knowledge  which  we  do  not  possess.  We  have  thought 
it  better,  therefore,  to  submit  the  Table  for  the  consideration 
of  those  interested,  as  the  best  approximation  to  the  truth  that 
we  are  at  present  able  to  provide. 

Although  it  is  to  be  borne  in  mind  that  the  whole  of  the 
estimates  are  founded  on  the  assumption  that  fattening  increase 
only  is  produced,  yet  we  have  indicated  the  direction,  and 
indeed  to  a  considerable  extent  the  degree,  in  which  the  figures 
should  be  modified  when  store  animals  are  reared  or  fed.  It 
should  be  added  that,  in  the  case  of  the  foods  being  used  for 
the  production  of  milk,  an  entirely  different  scale  of  original 
and  unexhausted  manure-value  would  have  to  be  arranged,  as 
milk  removes  so  very  much  more  of  the  manure-constituents 
of  the  food  than  increase  in  live- weight  of  any  kind. 

In  conclusion,  although  we  were  only  requested  to  revise  the 
Table  of  total,  or  original  manure-values  of  food-stuffs,  chiefly 
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as  affected  bj  the  change  in  the  price  of  ammonia^  we  have 
thought  it  desirable  to  carry  the  subject  further,  and  to  en* 
deavoar  to  put  forward  a  scheme  for  the  valuation  of  unexhausted 
manures  also.  The  results  will  doubtless  require  revision  from, 
time  to  time,  as  the  value  of  manure-constituents  in  the  market 
changes,  and  perhaps  also  in  other  ways,  as  knowledge  advancesi 
and  experience  is  gained.  But  the  passing  of  the  Act  of  1883| 
and  the  problems  and  the  discussions  to  which  it  must  neces- 
sarily give  rise,  seemed  to  render  such  an  attempt  very  opportune 
at  the  present  time.  It  is  to  be  understood,  however,  that  in 
the  use  of  the  Table,  the  special  circumstances  of  each  case 
must  be  taken  into  account,  and  the  actual  figures  adopted,  or 
modification  made,  accordingly.  Independently  of  such  direct 
application  of  the  results,  it  will  be  a  point  of  importance 
gained,  if  valuations  come  to  be  made  on  die  basis  of  manure- 
value,  and  not  of  cost ;  and  perhaps  one  of  still  greater  impor- 
tance, if  the  scale  we  have  submitted  should  lead  to  the  general 
recognition  of  the  fact  that  unexhausted  manure-value  should 
be  subject  to  compensation,  from  whatever  food  it  may  have 
been  derived ;  thus  enabling  the  farmer  to  use  any  food  that 
may  be  the  most  advantageous  at  the  time,  without  fear  of 
losing  his  claim  to  compensation  under  amicable  arrangements. 
At  any  rate,  as  we  have  given  the  data  on  which  our  estimates 
are  founded,  and  explained  the  method  by  which  they  have 
been  obtained,  those  interested  in  this  most  difficult  subject 
have  the  means  of  forming  their  own  conclusions  on  the  results 
arrived  at. 
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Introduction. 

In  my  lecture  last  year  I  gave  an  account  of  the  experiments  at 
Rothamsted  on  the  growth  of  wheat  for  more  than  forty  years  in 
succession  on  the  same  land,  without  manure,  with  farm-yard  manure, 
and  with  a  great  variety  of  artificial  manures. 

Attention  was  directed  to  the  fluctuations  in  the  amounts  of 
produce  from  year  to  year,  and  to  the  average  yield  per  acre  over  the 
earlier,  the  later,  and  the  total  period  of  the  experiments,  under  each 
of  the  very  varying  conditions  as  to  manuring. 

The  results  of  collateral  investigations  were  also  adduced. 

For  example,  the  increased  assimilation  and  yield  of  carbon  per 
acre  in  the  crop,  for  a  given  amount  of  nitrogen  supplied  in  manure, 
and  the  connection  between  carbon-assimilation,  nitrogen-accumulation, 
and  chlorophyll-formation,  were  shown.  The  proportion  of  the 
nitrogen  supplied  in  the  manure,  which  was  respectively  recovered  in 
the  increase  of  the  crop,  lost  by  drainage,  or  accumulated  as  crop- 
residue  in  the  surface  soil,  was  pointed  out.  The  influence  of  exhaustion, 
or  of  full  supply  of  the  mineral  constituents,  on  the  mineral  composition 
of  the  crop  was  shown  ;  the  general  result  being  that  whilst  the  amounts 
taken  up  by  the  entire  plant,  as  represented  by  the  quantities  contained  in 
the  total  produce,  corn  and  straw  together,  varied  considerably  according 
to  the  supply  within  the  soil,  the  amounts  accumulated  in  the  final  and 
definite  product,  the  grain,  were  under  otherwise  equal  conditions  nearly 
identical. 

The  influence  of  season  was  illustrated  by  the  results  obtained  in  the 
best  and  the  worst  seasons  of  the  forty  years.  The  general  accordance 
of  the  Rothamsted  results  with  those  obtained  on  other  soils  and  in 
other  localities  was  next  pointed  out,  and  it  was  shown  that  at  Wobum, 
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as  at  Bothamsted,  when  nitrogen  was  supplied  as  ammonium-salts,  or 
as  nitrate  of  soda,  for  wheat  or  harley,  comparatively  little  of  that 
which  was  not  recovered  in  the  immediate  increase  of  crop,  was 
recovered  in  the  succeeding  crops. 

Leaving  the  experimental  results,  attention  was  directed  to  the 
average  yield  of  wheat  per  acre  in  the  United  Kingdom  over  a  period 
of  32  years.  It  was  shown  how  greatly  the  area  under  the  crop  had 
diminished  during  that  period,  but  that  our  yield  per  acre  was  greater 
than  that  of  any  other  wheat  growing  country,  and  very  much  greater 
than  that  of  the  chief  exporting  countries,  such  as  the  United  States, 
Canada,  or  India;  and  very  much  greater  also  than  in  most  of  the 
European  countries  where  peasant  proprietors  or  small  holdings  prevail. 

The  consideration  of  these  facts  naturally  led  to  a  consideration  of 
the  characteristic  differences,  in  some  important  respects,  of  old  arable 
soils,  of  pasture  soils,  and  of  prairie  and  other  virgin  soils.  It  was 
shown  that  a  fertile  soil  was  one  which  had  accumulated  within  it,  the 
residue  of  ages  of  previous  vegetation,  and  that  it  becomes  infertile  as 
that  residue  is  exhausted.  Finally,  it  was  concluded  that  it  was 
extent  of  area,  and  cheap  fertility,  not  good  cultivation,  against  which 
the  British  wheat  grower  had  to  contend. 

In  the  present  lecture  I  propose  to  bring  before  you  the  results 
obtained  at  Itothamsted,  on  the  growth  of  barley,  not  for  more  than 
forty  years,  but  for  thirty-four  years  in  succession  on  the  same  land. 
The  collateral  investigations  in  connection  with  barley  are  not  so 
numerous,  or  of  such  general  interest  or  importance,  as  those  to  which 
attention  was  called  in  the  case  of  wheat,  but  I  shall  be  able  to 
illustrate  the  influence  of  exhaustion,  manures,  and  variations  of  season, 
on  the  amounts  of  produce,  and  to  some  extent  on  the  composition  of 
the  crop.  In  conclusion,  I  shall  adduce  some  statistics  relating  to  our 
area  under  the  crop,  to  the  amount  of  our  imports,  and  to  the  sources 
whence  they  are  derived. 

Barley,  like  wheat,  is  a  member  of  the  great  gramineous  family  of 
plants,  to  which  we  owe  so  many,  and  such  important  economic 
products.  In  our  own  country  and  climate,  barley  comes  second  to 
wheat  in  importance  among  the  cereal  crops  we  cultivate ;  though,  in 
the  north,  oats  gain  in  relative  consideration.  The  average  area  under 
harley  in  the  United  Kingdom  is,  however,  only  about  four-fiflhs  as 
great  as  that  under  wheat ;  and  we  shall  see  that  it,  like  the  area  under 
wheat,  has  of  late  years  diminished. 

In  countries  with  wanner  and  longer  summers  another  gramineous 
grain  crop,  Indian  com,  or  maize,  comes  into  prominence ;  and  in 
warmer  countries  still  grows  the  sugar  cane.  Indeed  it  is  to  this  family 
that  we  owe  our  chief  starch-  and  sugar-  yielding  crops  \  and  it  is 
somewhat  remarkable  that  the  plants  which,  at  any  rate  in  temperate 
climates,  come  next  in  importance  as  starch-  and  sugar-  yielding  crops, 
should  belong  to  such  widely  different  orders  as  the  Solanea  giving  us 
the  potato,  aud  the  Chenopodiacea  giving  the  sugar  beet,  mangel 
wurzel,  &c.,  whilst  the  organs,  or  parts  of  the  plants,  which  yield  Uie 
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products  are  also  widely  different.  In  each  case,  however,  it  is  the 
store  of  reserve  material  which  the  plant  has  laid  up  for  reproduction 
which  we  turn  to  economic  account. 

But  not  only  does  the  gramineous  family  provide  us  with  our  chief 
starch  and  sugar  yielding  crops,  but  it  contributes  a  large  proportion  of 
the  natural  and  cultivated  herbage,  upon  which  animals  of  use  to  man 
are  fed  over  very  large  portions  of  the  globe. 

Although  wheat  and  harley  are  thus  closely  allied  botanically,  and 
they  have,  moreover,  in  some  respects  very  similar  requirements  as 
cultivated  crops,  yet  it  will  be  found  that  there  are  distinctions  as  well 
as  similarities  which  it  is  important  to  recognise. 

To  refer  to  one  or  two  points  of  distinction  which  obviously  must 
have  an  influence  on  the  results  obtained  in  experiments  on  the  growth 
of  the  two  crops,  and  which  must  be  borne  in  mind  in  their  interpre- 
tation, it  may  be  mentioned  that,  in  our  own  country  and  climate  at 
any  rate,  wheat  is  almost  invariably  sown  in  the  autumn,  whilst 
barley  is  as  generally  not  sown  until  the  spring. 

Thus,  wheat  has  four  or  five  months  for  root-development^  and 
for  gaining  possession  of  range  of  soil,  before  barley  is  sown. 
Under  these  circumstances,  too,  the  conditions  of  soil  most  suitable 
to  the  two  crops  are  very  different.  For  wheat  a  comparatively  heavy 
soil  is  adapted,  and  a  fine  tUth,  encouraging  superficial  root-development, 
is  not  desirable.  For  barley,  on  the  other  hand,  a  comparatively  light 
soil  is  more  appropriate,  and  a  fine  tilth  is  of  great  importance.  In 
other  words,  with  the  characteristic  habit  of  growth  of  the  plant,  and 
the  short  period  at  its  command  for  root-development,  a  very  permeable 
surface-soil  is  a  desideratum. 

In  these  facts  we  have  the  indication  that  wheat  acquires  a  much 
greater  root-range,  and  consequently  a  command  of  the  resources  of  a 
more  extended  range  of  both  soil  and  subsoil ;  whilst  barley  must,  in  a 
greater  degree,  be  dependent  on  the  supplies  within  the  surface-soil, 
and  so  be  the  more  susceptible  to  the  influence  of  the  exhaustion,  or 
the  supplies,  within  the  surface-soil. 

Bearing  these  various  points  in  mind,  we  may  now  turn  to  the 
results  of  long-continued  field-experiments  on  the  growth  of  barley,  by 
different  manures,  and  in  different  seasons,  and  to  the  evidence  of 
collateral  Laboratory  investigations  as  to  its  composition. 

The  Rothamsted  Field  Experiments  on  Barley, 

The  Eothamsted  Field  Experiments  on  Barley  were  conmienced  in 
1852,  that  is  eight  years  later  than  those  on  wheat,  but  at  the  same 
time  as  that  at  which  the  arrangements  of  the  plots  in  the  Experimental 
Wheat  Field  devoted  to  chemical  or  artificial  manures  became  more 
systematic  and  permanent. 

The  barley  crop  of  last  year,  1885,  was  the  thirty-fourth  in 
succession  on  the  same  land,  and  the  thirty-fifth  crop  is  now  growing. 
There' are  nearly  thirty  experimental  plots.  Two  have  been  unmanured 
from  the  commencement.  One  has  received  farm-yard  manure  every 
year,  or  rather  one-half  of  it  has,  for  after  twenty  years  the  plot  was 
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divided,  one  half  being  still  annually  manured  as  before,  and  the  other 
half  then  left  unmanured,  to  test  the  effects  of  the  unexhausted  residue 
of  the  twenty  years'  previous  applications  of  farm-yard  manure.  The 
other  plots  have  annually  received  artificial  manures,  for  the  most  part 
the  same  year  after  year,  from  the  commencement;  but  there  have  been 
a  few  changes,  some  of  which  will  be  explained  as  we  proceed. 
Results  without  Manure,  and  with  Farmyard  Manure, 

The  results  to  which  I  shall  first  direct  your  attention  are  those 
obtained  without  manure,  and  with  farmyard  manure.  Table  I.  (p.  5) 
gives  the  produce  of  grain  per  acre  in  each  year,  and  also  the  average 
produce  over  selected  series  of  years,  and  over  the  whole  period  of  32 
years,  to  1883  inclusive. 

The  first  column  of  the  Table  gives  the  produce  without  manure. 
Columns  2  and  3  give  the  produce  by  farmyard  manure  for  the  first 
twenty  years  (1852-1871)  over  the  whole  plot,  and  for  the  next  twelve 
years  (1872-1883).  Column  2  gives  the  produce  on  the  half  of  the  plot 
on  which  the  application  was  still  continued,  and  column  3  that  on  the 
other  half  where  the  application  was  discontinued  after  the  first  twenty 
years,  showing  therefore  the .  eflPects  of  the  residue  of  the  previous 
applications.  Column  4  shows,  for  the  last  twelve  years,  the  excess  of 
produce  on  the  plot  where  the  application  was  continued  over  that 
where  it  was  discontinued  j  and  the  last  two  columns  show  the  increase 
over  the  unmanured  produce,  first  by  farmyard  manure  continuously 
applied,  and  secondly  by  the  residue  of  the  applications  of  the  first 
twenty  years. 

First  referring  to  the  produce  tvifhout  manure,  it  is  seen  that  in  two 
years,  the  third  and  fourth,  the  yield  was  over  thirty  bushels  per  acre  ; 
in  six  years  during  the  first  thirteen,  the  produce  was  between  twenty 
and  thirty  bushels,  but  it  never  afterwards  reached  twenty  bushels,  and 
in  twenty-four  out  of  the  thirty-two  years  the  yield  was  less  than  twenty 
bushels  ;  in  two  of  these  it  amounted  to  only  ten,  and  in  one  (1879),  to 
only  6^  bushels. 

There  was  thus  a  very  great  variation  in  the  amount  of  produce 
without  manure  from  year  to  year  according  to  season.  A  glance  at 
the  figures,  and  especially  at  the  average  produce  over  successive  series 
of  years,  as  given  at  the  foot  of  the  Table,  shows,  however,  that 
independently  of  these  fluctuations  due  to  season,  there  was  a  pro- 
gressive decline  due  to  exhaustion ;  though  the  last  four  years  gave  a 
higher  average  than  any  other  four  in  the  last  sixteen  years. 

It  may  be  observed  that  without  manure  there  is  a  decline  in  the 
produce  of  barley  grain  of  31*4  per  cent,  over  the  second  sixteen  years 
compared  with  the  first  sixteen;  and  that  this  rate  of  decline  is 
considerably  greater  than  was  found  in  the  case  of  wheat  This  result 
is  doubtless  due  to  the  shorter  period  of  growth,  and  the  greater 
dependence  on  the  surface  soi\,  in  the  case  of  the  barley ;  and  hence 
exhaustion  is  the  sooner  manifested. 

We  now  turn  to  the  produce  by  farmyard  manure.  As  without 
manure,  there  is  very  great  fluctuation  from  year  to  year  according  to 
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BeasoD  ;  but  instead  of  a  gradual  decline  there  is  an  obvious  increase  in 
the  yield  over  the  later  years,  due  to  the  accumulation  of  the  manure. 
There  is,  in  fact,  instead  of  a  decline  of  27*7  per  cent.,  an  increase  of 
7 '3  per  cent,  over  the  last  twelve  years  compared  with  the  first 
twenty  ;  although  the  second  period  included  a  number  of  the  worst 
seasons  of  the  whole  series  of  years. 

In  four  of  the  thirty-two  years  the  farmyard  manure  gave  more 
than  60  bushels  of  barley  per  acre,  in  thirteen  years  between  50  and  60 
bushels,  in  ten  between  40  and  50  bushels,  in  five  between  30  and  40 
bushels,  and  in  no  case  below  30  bushels.  The  average  yield  was, 
over  the  first  twenty  years  48^  bushels,  over  the  last  twelve  years  5 If 
bushels,  and  over  the  thirty-two  years  49|  bushels,  against  17|^  bushels 
without  manure. 

So  much  for  the  produce  of  barley  obtained  by  the  unusual 
application  of  fourtjen  tons  of  farmyard  manure  per  acre  per  annum, 
for  thirty-two  years  in  succession.  It  is  estimated  that  the  manure 
supplied  about  200  lbs.  of  nitrogen  per  acre  per  annum,  or  over  twenty 
years  4,000  lbs.  of  nitrogen.  It  was  further  estimated  that  at  the  end 
of  twenty  years,  not  more  than  fourteen  or  fifteen  per  cent,  of  this 
large  amount  of  nitrogen  had  been  removed  in  the  increase  of  crop. 
There  must,  therefore,  have  been  a  great  accumulation  of  nitrogen,  and 
other  constituents,  within  the  soil ;  and  analysis  proved  that  this  was 
the  case.  Indeed,  it  was  calculated  that,  if  there  were  no  loss  of 
nitrogen,  by  drainage,  by  evolution  of  free  nitrogen,  or  otherwise,  and 
if  the  accumulated  residue  were  as  available  as  that  which  had  already 
been  effective,  the  produce  should  be  maintained  at  the  level  of  that 
of  the  first  twenty  years  for  not  far  from  150  years  more. 

Let  us  see  what  was  the  result  of  stopping  the  application  of 
manure  on  half  the  plot  after  the  first  twenty  years  ?  This  is  shown 
in  the  lower  division  of  the  table.  The  second  column  shows  the 
produce  of  the  last  twelve  years,  where  the  application  was  continued ; 
the  third  column  where  it  was  discontinued;  the  fourth  the  excess 
yielded  by  the  continuous  application  over  that  by  the  residue  from 
previous  applications.  Lastly,  the  fifth  column  shows  the  increase  over 
the  unmanured  produce,  by  the  continuous  application,  and  the  sixth 
that  by  the  residue. 

Comparing  the  second  and  third  columns,  it  is  seen  that  there  is  a 
general  tendency  to  increase  in  yield  where  the  application  of  the 
farmyard  manure  was  continued,  and  to  decrease  where  it  was  dis- 
continued. This  result  is  brought  prominently  to  view  in  column  4, 
which  shows  that  the  difference  between  the  amount  of  produce 
gradually  increases  until  during  the  last  four  of  the  twelve  years,  the 
manure-residue  plot  shows  an  average  of  about  twenty-four  bushels  per 
acre  per  annum  less  than  where  the  application  was  continued. 

The  averages  at  the  foot  of  the  table  show  that  over  the  first 
twenty  years,  with  the  continuous  application  the  yield  was  48^ 
bushels,  whilst  over  the  succeeding  twelve  years,  it  was,  where  the 
application  was  continued  5 If  bushels,  but  where  it  was  discontinued 
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only  34|  bushels;  showing,  therefore,  an  average  annual  deficiency 
under  the  influence,  of  the  residue  only,  of  17f  bushels,  or  of  33'6  per  cent. 

Taking  as  the  standard  of  comparison  the  unmanured  produce 
(which,  however,  itself  gradually  declined),  the  last  two  columns  show 
that  over  the  three  four-yearly  periods  of  the  last  twelve  years,  the 
increase  of  produce  was  with  the  continued  application  37|^,  33^,  and 
41J  bushels,  but  with  the  residue  only  27f,  14^,  and  17|  bushels. 
Over  the  whole  twelve  years  there  was  an  average  annual  increase  of 
37f  bushels  with  the  continued  application,  and  of  only  20  bushels 
wiui  the  residue. 

It  may  be  observed  that  over  the  whole  period  of  thirty-two  years, 
the  total  produce  (grain  and  straw  together)  was  without  manure  less 
than  one  ton  per  acre  per  annum,  whilst  with  the  farmyard  manure  it 
was  2|  tons,  and  in  some  years  it  reached  from  3|  to  3f  tons. 

To  sum  up  in  regard  to  the  foregoing  results — ^there  was  gradual 
exhaustion  and  reduction  of  produce  without  manure,  and  gradual 
accumulation  and  increase  of  produce  with  the  annual  application  of 
farmyard  manure.  But  when  the  application  was  stopped,  although  the 
effect  of  the  residue  from  the  previous  applications  was  very  marked,  it 
somewhat  rapidly  diminished,  notwithstanding  that  calculation  showed 
an  enormous  accumulation  of  nitrogen  as  well  as  other  constituents. 

Indeed,  determinations  of  nitrogen  in  the  surface-soil,  after  the 
twenty  years  application  of  farmyard  manure,  showed  it  to  be  nearly 
twice  as  high  as  on  the  unmanured  plot. 

How  then  is  the  reduction  of  produce  to  be  accounted  for  ?  The 
nitrogen  of  farmyard  manure  must  obviously  exist  in  very  different 
conditions.  That  due  to  the  arine  of  the  animals  will  be  the  most 
rapidly  avaOable,  that  in  the  finely  comminuted  matter  in  the  fseces 
wul  be  much  more  slowly  available,  and  that  in  the  litter  still  more 
slowly  available.  Hence  the  small  proportion  that  is  at  once  effective, 
and  the  very  large  amount  that  accumulates  within  the  soil  in  a  very 
slowly  available  condition. 

But  the  evidence  at  command  leads  to  the  conclusion  that  neither  in 
the  wheat  field,  nor  in  the  barley  field,  does  the  accumulation  within 
the  soil  account  for  the  whole  of  the  nitrogen  supplied  which  is  not 
recovered  in  the  immediate  increase  of  crop.  Some  is  doubtless  lost  as 
nitrates  by  drainage,  and  some  probably  by  evolution  as  free  nitrogen. 
The  fact  of  such  losses  is  of  considerable  interest ;  but  it  is  some  conso- 
lation to  believe  that  the  loss  will  be  proportionally  very  much  less  in 
ordinary  farm  practice,  where  the  amounts  of  farmyard  manure  applied 
are  much  less,  and  where  various  crops,  with  different  root-ranges,  and 
different  periods  of  accumulation,  are  grown. 

Results  without  Manure,  and  with  Artificial  Manures. 

We  have  next  to  consider — what  is  the  character  of  the  exhaustion 
induced  by  the  growth  of  the  crop  without  manure)  and  to  what 
constituent,  or  constituents,  of  farmyard  manure,  its  effects  are  mainly 
to  be  attributed )  These  points  will  be  illustrated  by  the  results  given 
in  Tables  11.  and  IH.  (p.p.  8  and  9),  which  show  the  effects  of  various 
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TABLE n 

Barley  34  yea/r$  in  tucoesnon  on  the  same  land,  Hoosfield,  Bothanuted, 
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Dressed  Grain  per  Acre,  Boshels.     Manure  and  produoe  per  Aore  per  annum. 
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TABLE  m 

Barley  84  yean  in  iwoe$Hon  on  the  iome  land,  HootfiM,  Rothanuted, 
BesoltB  showing  the  efifects  of  Ezhaostioii  and  Mannies. 
Dressed  Grain  per  acre,  Bushels.     Manures  and  Produoe  per  acre  per  n-tninTn 
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(1)  6 yrs.  1862.7, Amm.  Salts 400 lbs;  10 yrs.  56^,900  lbs;  1868  and  slnoe.  27511)8. Nlteate soda. 

(2)  6  yrs.  1852-71  Rape  Cake  9000  lbs.,  and  since  1000  lbs. 
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purely  mineral  manures,  of  purely  nitrogenous  manures,  and  of  combi- 
nations of  the  two. 

Eesults  are  given  for  sixteen  plots,  arranged  in  four  series  of  four 
plots  each,  and  for  each  plot  the  produce — dressed  grain  per  acre — is 
given  for  thirty-four  years  in  succession. 

Series  1  comprises  four  plots,  without  any  nitrogenous  manure, 
namely — 

Plot  1. — ^Without  maDure. 
„    2. — Superphosphate  of  lime  alone. 
„    3. — Sulphates  of  potash,  soda,  and  magnesia. 
„    4. — Superphosphate,  and  sulphates  of  potash,  soda,  and  magnesia. 

Series  2  comprises  four  plots,  with  the  same  four  conditions  as  to 
mineral  manures  as  Series  1,  and  ammonium  salts  supplying  43  lbs.  of 
nitrogen  per  acre,  per  annum,  in  addition. 

Series  3,  the  same  four  conditions  as  to  mineral  manure,  with  for 
six  years  86  lbs.,  and  for  ten  years  43  lbs,  of  nitrogen  per  acre  per 
annum  as  ammonium  salts,  and  for  the  last  eighteen  years  43  lbs.  as 
nitrate  of  soda. 

Series  4,  the  same  four  conditions  as  to  mineral  manure,  with 
2,000  lbs.  rape  cake  per  acre  per  annum,  in  the  first  six  years ;  and 
1,000  lbs.  each  year  since. 

It  may  be  mentioned  that  1,000  lbs.  rape  cake  will,  on  the  average, 
contain  48  to  50  lbs.  of  nitrogen,  or  rather  more  than  in  the  amounts  of 
ammonium-salts,  or  nitrate  used,  though  probably  not  more  is  rendered 
available  within  the  years  of  application,  but  there  will  obviously  be 
accumulation,  and  some  cumulative  action  from  year  to  year. 

Time  will  not  allow  me  to  call  your  attention  in  any  detail  to  the 
produce  of  individual  years,  but  you  will  observe  that  under  all 
conditions  of  manuring,  whether  without  nitrogenous  supply  as  in 
Series  1,  or  with  it,  in  the  different  forms  and  combinations,  as  in  the 
other  Series,  there  is  great  fluctuation  from  year  to  year,  according  to 
season.  Thus,  without  manure  the  produce  ranges  from  35  bushels  in 
1854,  to  only  6i  bushels  in  1879  ;  with  a  full  mineral  manure  (plot  4, 
Series  1)  from  42  bushels  in  1854  to  7i  bushels  in  1879  ;  with  the  full 
mineral  manure  and  ammonium  salts  (plot  4,  Series  2)  =  43  lbs.  nitro- 
gen, from  60f  bushels  in  1854  to  27f  in  1879. 

As  in  the  cases  of  Series  3  and  4,  more  nitrogen  was  applied  during 
the  first  six  years  than  afterwards,  the  comparison  of  the  produce  in 
individual  years  at  the  beginning  and  at  the  end  of  the  period  have  not 
quite  equal  significance;  but  it  may  be  observed  that  with  the  full 
mineral  manure  and  ammonium  salts  at  first,  and  nitrate  of  soda  after- 
wards (plot  4,  Series  3),  the  produce  varied  from  nearly  65  bushels  in 
1857  to  25^  bushels  in  1879  ;  and  lastly,  with  the  full  mineral  manure 
and  rape  cake  it  ranged  from  621  bushels  in  1857  to  31^  bushels  in 
1879. 

Looking  to  the  average  produce  of  each  of  the  eight  four-yearly 
periods,  it  is  seen  that,  under  all  conditions  of  manuring,  even  in  the 
case  of  the  rape  cake  with  its  annual  accumulation,  there  is  a  general 
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tendency  to  redaction  in  produce  from  the  first  to,  and  especially  in, 
the  seventh  period,  1876  to  1879  ;  but  there  is  as  umformlyan  increase 
over  the  eighth  period,  1880  to  1883.  There  is  in  these  facts  clear 
evidence  that  the  previous  reduction  was,  independently  of  exhaustion 
in  individual  cases,  mainly  due  to  the  seasons. 

The  bottom  line  of  the  Tables,  which  shows  the  percentage  reduc- 
tion in  the  amount  of  produce  over  the  second  16  years  compared  with 
the  first  16,  enables  us  to  discriminate  in  some  degree  between  the 
effects  of  exhaustion  and  those  of  season. 

It  is  seen  that  the  four  plots  of  Series  1  show  a  reduction  over  the 
second  16  years  from  about  31  to  34  per  cent.,  or  more  than  twice  as 
much  as  in  the  case  of  either  of  the  other  Series.  There  is  here  evidence 
that  in  the  case  of  Series  1,  without  nitrogenous  manure,  much  of  the 
reduction  over  the  second  half  of  the  period  was  due  to  nitrogen- 
exhaustion. 

In  Series  2,  with  ammonium  salts,  there  is  16  per  cent,  reduction  on 
plot  1,  where  the  ammonium  salts  are  used  alone,  and  only  from  10  to 
12  per  cent,  where  mineral  manures  are  used  in  addition. 

In  Series  3,  with  nitrate  of  soda,  there  is  a  reduction  of  20  per 
cent,  where  the  nitrate  is  used  without  mineral  manure,  of  nearly  18 
per  cent  where  it  is  used  with  potash,  soda,  and  magnesia,  but  without 
phosphate  (plot  3),  and  of  only  about  12  per  cent,  where  phosphates 
were  used  in  addition  to  the  nitrate. 

Lastly,  in  Series  4,  with  rape  cake,  which  contains  a  considerable 
amount  of  mineral  matter,  there  is  a  reduction  of  only  12*7  per  cent, 
where  it  is  used  alone,  of  less  where  any  mineral  manure  is  used  in 
addition,  and  of  only  about  9^  per  cent,  where  a  full  mineral  manure 
is  also  used. 

As  already  intimated,  that  there  should  be  any  reduction  in  the  yield 
over  the  second  half  of  the  period  where  rape  cake,  with  its  annual 
residue  and  accumulation,  is  used,  is  evidence  that  part  of  the  reduction 
is  due  to  an  average  of  less  favourable  seasons  over  the  later  period. 
But  that  there  should  be  the  greatest  reduction  in  Series  1,  where  no 
nitrogen  is  supplied,  is  evidence  of  nitrogen-exhaustion  under  those 
conditions ;  and  that  within  Series  2  and  3  respectively  there  should 
be  the  greatest  reduction,  where  the  ammonium  salts  or  nitrate  are 
used  without  phosphates,  is  evidence  of  phosphoric-acid  exhaustion  in 
those  cases. 

Leaving  the  results  relating  to  the  produce  of  each  individual  year, 
or  of  limited  series  of  years,  as  given  in  Tables  11.  and  III.,  a  general  view 
of  the  effects  of  the  sixteen  different  conditions  as  to  manuring  is  con- 
veniently obtained  in  the  Summary  Table  IV.  (p.  1 2).  There  is  there  given 
the  average  produce  over  the  thirty-two  years  on  each  of  the  sixteen 
plots.  The  first  column  gives  the  results  for  the  four  plots  of  Series  1, 
without  nitrogenous  manure;  the  second  column  those  for  Series  2, 
with  ammonium  salts  equal  to  43  lbs.  nitrogen  per  acre  per  annum ; 
the  third  those  for  Series  3,  with  nitrate  of  soda ;  and  the  fourth  those 
for  Series  4,  with  rape  cake.    The  upper  division  of  the  Table  gives. 
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for  each  plot,  the  average  produce  of  grain  per  acre  in  bashels ;  the 
middle  division,  the  average  produce  of  straw  in  lbs.  ;  and  the  lower 
division,  the  average  total  produce  (com  and  straw  together)  in  lbs. 


TABLE  rv. 
Barleff  82  years  in  sueoession  on  the  same  land — Hoosfield^  Rothamtted, 

SUMMABT. 
tShowizig  the  effects  of  ezfaaustion  and  manures. 


NoNitro- 

genoxiB 

Manure 


200  lbs. 
Am.  Salts 
431bB.  N 


275  lbs. 
N.  Soda  (1) 
=43  lbs.  N 


1000  lbs. 
R.Gake(S) 
=  i91b8.N 


DRESSED  GRAIN  per  acre.   Bnshels 


Withont  Mineral  Manure  ...       ~.       ~.       7, 
Buperpbospbate        ...       ... 

Sulphates  Fotash,  Soda,  and  Mo^esla 
Superphosphate  and  Sulphate  Potash,  Soda, 
andMagnesla 


41f 
451 


STRAW,  per  acre.   Lbs. 


Without  Mineral  Manure  ...       Z.       77.       777 

Superphosphate       

Sulphates  i*otash,  Soda,  and  Magnesia 
Bupezphosphate,    and    Sulphates    Potash,) 
Soda,  and  Biagnesia        j 


2789 
2S53 
S79S 

8065 


TOTAL  PRODUCE  (ORAIN  and  STRAW),  per  acre.    Lbs. 


Without  Mineral  Manure  .7.       77,       77.       7. 

Superphosphate  

Sulphates  Potash,  Soda,  and  Magnesia 
Swerphosphate,    and    Sulphates   Potash, 
Soda,  and  Magnesia        


6849 
5632 

5175 

5607 


(1)     Ammonium-Salts^  86  lbs  Nitrogen  first  6  years, ^43  lbs  next  10  years j  Nitrate  Soda 
«  48  lbs  Nitrogen  last  16  years.    (2)  2000  lbs  Rape  Cake  first  6  yrs.  1000 lbs  since. 

Referring  first  to  the  results  on  the  four  plots  without  nitrogenous 
manure,  as  given  in  the  first  column  of  the  Table,  it  is  seen  that  plot 
2,  with  superphosphate  of  lime,  and  plot  4,  with  superphosphate  and 
salts  of  potash,  soda  and  magnesia,  give  considerably  more  produce 
than  plot  3,  with  the  potash,  soda,  and  magnesia,  without  phosphate. 
There  is  more  of  straw,  as  well  as  grain,  and  of  course,  therefore,  of 
total  produce,  with  than  without  the  phosphate.  There  is,  indeed, 
very  marked  eff*ect  by  phosphatic  manure,  and  very  little  by  the 
alkalies. 

The  second  column,  with  the  same  four  conditions  as  to  mineral 
supply,  but  with,  in  each  case,  43  lbs.  of  nitrogen  per  acre  per  annum 
as  ammonium  salts,  shows  a  very  great  increase.  Even  with  the 
ammonium  salts  alone  there  is  a  great  increase ;  there  is  somewhat 
more  on  plot  3,  where  the  alkalies  are  also  applied,  but  very  much 
more  still  on  plots  2  and  4,  where  phosphates  are  also  used. 

The  third  column  shows  that  with  a  larger  amount  of  nitrogen 
supplied  in  the  first  six  years,  and  with  nitrate  of  soda  instead  of 
ammonium  salts  in  the  later  years,  there  is  still  greater  increase ;  and 
again,  the  increase  is  by  far  the  greater  where  tne  superphosphate  is 
used. 
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The  four  plots  of  Series  4,  with  the  rape  cake,  show  a  much  greater 
uniformity  of  result  with  the  different  mineral  manures.  Still  the  two 
phosphate  plots  (2  and  4)  give  more  produce  than  the  two  without 
phosphata  Referring  to  the  produce  of  grain  in  illustration,  it  is  seen 
that  plots  1  and  3  without  phosphate  give  considerably  more  produce 
than  the  same  plots  (1  and  3),  in  either  Series  2  with  the  ammonium 
salts,  or  in  Series  3  with  the  nitrate  of  soda.  The  explanation  of  this 
is  that  the  rape  cake  itself  contains  phosphates.  On  plots  2  and  4, 
on  the  other  hand,  where  phosphates  are  added,  there  is  nearly  as  much 
produce  in  Series  2  with  the  ammonium  salts,  and  more  in  Series  3  with 
the  nitrate,  than  in  Series  4  with  the  rape  cake. 

Thus,  then,  whilst  there  is  evidence  that  the  phosphate  of  the  rape 
cake  was  effective  when  none  was  otherwise  supplied,  when  it  was  so 
applied  in  addition  there  was  more  effect  with  the  nitrate,  with  its  more 
rapidly  available  nitrogen,  than  with  the  rape  cake,  with  its  greater 
actual  amount  of  nitrogen,  but  in  a  less  rapidly  available  condition. 

Comparing  the  produce  of  plot  2  with  superphosphate  without 
potash,  with  that  of  plot  4  with  superphosphate,  and  salts  of  potash, 
soda  and  magnesia  in  addition,  it  is  remarkable  that,  both  in  Series  2 
with  the  ammonium  salts,  and  in  Series  3  with  nitrate  of  soda,  there  is 
over  the  whole  period  of  thirty-two  years  almost  identically  the  same 
amount  of  barley  grain  without  as  with  the  potash.  There  is,  however, 
rather  more  straw  and  total  produce  with  than  without  the  potash. 
Thus  we  have,  with  the  ammonium  salts,  an  average  of  forty-five 
bushels  without  potash,  and  44 1  bushels  with  potash ;  and  with  the 
nitrate  of  soda  47  bushels  without,  and  47  i  bushels  with  potash.  Of 
straw,  however,  there  is,  with  the  ammonium  salts,  an  average  of 
2,827  lbs.  without,  and  3,019  with  the  potash ;  and  on  the  nitrate  plots 
3,127  lbs.  without,  and  3,348  lbs.  with  potash. 

It  will  afterwards  be  seen  that  where  nitrogen  and  phosphoric  acid 
were  liberally  supplied  without  potash,  the  available  potash  of  the  soil 
itself  became  deficient ;  though  this  deficiency  was  to  the  last  scarcely 
at  all  manifested  in  the  produce  of  grain.  It  is  obvious,  however, 
that  with  gradual  reduction  in  the  amount  of  plant,  the  yield  of  grain 
must  in  time  diminish. 

So  much  for  the  influence  on  the  barley  crop,  of  different  conditions 
of  manuring,  each  continued  for  more  than  thirty  years  on  the  same 
plot,  and  in  a  field  of  somewhat  heavy  loam,  with  a  raw  clay  subsoil, 
and  chalk  below,  giving  good  natural  drainage. 

It  is  seen  that  nitrogenous  manures  alone  had  much  more  effect  than 
mineral  manures  alone.  It  was  obvious,  therefore,  that  the  exhaustion 
induced  by  the  continuous  growth  of  the  crop  was  characteristically 
that  of  nitrogen. 

Both  with  and  without  nitrogenous  supply  phosphates  were  more 
effective  than  potash  salts,  showing  that  the  available  store  of  phosphoric 
acid  in  the  soil  became  deficient  sooner  than  that  of  potash.  With  the 
shorter  period  of  growth  of  barley  than  of  wheat,  and  its  greater 
proportion  of  surface-rooting,  both  nitrogenous  and  mineral  exhaustion 
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are  sooner  developed ;  and  so  far  as  mineral  exhaustion  is  concerned,  the 
available  supply  of  phosphoric  acid  was  sooner  exhausted  than  was  that 
of  potash.  Indeed,  in  ordinary  agricultural  practice,  it  is  clearly 
established  that  superphosphate  is  more  effective  with  the  spring-sown 
than  with  the  autumn-sown  cereals. 

Influmce  of  Season  on  the  Amounts  of  Produce.   • 

It  has  been  seen  that  there  were,  under  all  coiiditions  of  manuring, 
very  great  variations  in  the  amount  of  produce  from  year  to  year 
according  to  season.  The  extent  and  character  of  the  influence  of 
season  will  be  brought  prominently  to  view  by  comparing  the  produce 
of  the  best  and  the  worst  seasons  of  the  thirty-two,  and  comparing  the 
characters  of  the  seasons  themselves. 

Tables  V.  and  VI.  illustrate  these  points.  Table  V.  (p.  15)  gives  the 
produce  of  grain,  the  weight  per  bushel  of  the  grain,  the  produce  of 
straw,  and  the  total  produce  (com  and  straw  together),  of  six  very 
different  conditions  as  to  manuring  in  each  of  the  best  two  seasons, 
and  in  the  worst  season  of  the  whole  series.  There  is  also  given  the 
deficiency  of  produce  in  the  bad  season,  compared  with  that  in  each  of 
the  two  good  seasons. 

For  wheat,  1863  was  the  best  season  of  the  thirty-two — indeed  of 
the  forty — of  its  growth.  For  barley,  1863  was  also  a  very  good  year 
for  both  grain  and  straw ;  but  it  was  not  so  good  for  such  a  variety  of 
manures  as  were  1854  and  1857,  which  (in  the  Table)  are  adopted  as 
the  best  seasons. 

For  almost  all  conditions  of  manuring,  1854  was  the  season  of  the 
highest  total  produce,  com  and  straw  together;  that  is  it  was  the 
season  of  the  greatest  luxuriance  or  vegetative  activity.  But  1857  was, 
especially  for  the  highest  manuring,  the  one  of  the  highest  produce  of 
grain,  and  of  the  highest  quality  or  maturity  of  grain,  as  evidenced  by 
the  weight  per  bushel.  Thus  1854  was  the  highest  for  luxuriance,  and 
1857  the  highest  for  the  maturation  of  the  crop. 

As  for  wheat,  so  for  barley,  1879  was  decidedly  the  worst  season  of 
the  thirty-two. 

The  plots  selected  for  illustration  are  those  without  manure,  with 
farmyard  manure,  with  mixed  mineral  manure  alone,  with  mixed 
mineral  manure  and  ammonium  salts,  with  mixed  mineral  manure  and 
nitrate  of  soda,  and  with  mixed  mineral  manure  and  rape  cake. 

It  is  not  necessary  to  detain  you  with  any  detailed  consideration  ot 
the  results — the  figures  speak  for  themselves.  The  lower  division  of 
the  Table  shows  that  under  each  of  the  six  very  different  conditions  as 
to  manuring,  1854  yielded  a  much  higher  total  produce  (grain  and  straw 
together)  than  1857.  But  the  upper  division  shows  that,  notwithstand- 
ing the  less  amount  of  plant,  1857  gave  in  most  cases  nearly  as  much 
grain  as  1854,  and  in  two  cases — those  with  the  highest  nitrogenous 
manuring — (and  both  years  were  within  the  first  six  when  the  larger 
amounts  were  applied),  1857  gave  more  grain  than  1854.  The  weight 
per  bushel  of  the  grain  was  also  higher  in  1857,  on  all  the  plots  where 
nitrogenous  manures  were  used. 
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The  contrast  between  the  produce  in  these  two  very  different  good 
years,  and  that  in  the  worst  season  1879,  is  very  striking,  the  difference 
amounting  in  several  cases  to  as  much  as  the  average  crop  of  the  country. 

TABLE   V 

Barley,  year  after  year  on  the  same  land,  Sboifield,  Rathamited. 

Ptodnoe  of  the  two  best  seasons,  1864  and  1867 ;  of  the  worst  season,  1879 ;  and 

average  of  32  years,  1862-1883 


Plots 


DESCRIPTION  OF  ICANUBES; 
QUANTITIES  PER  ACRE. 


nnntflfwiiciin 


1S64 


1897 


Wont 

S«Mon 

1879 


1879+01— 


1864 


1867 


ATense 
n 


DRESSED  GRAIN  per  acre,  BUSHELS 


lo 
7-S 
4o 


40 


uxuxuumroQ  •••       •••       ■••       •••       ■••       •••       ••• 

Fuizi-yaxd  Mannre         ...       

Mixed  Mineral  Manure,  alone 

Mix.  Min.  Man.  and 900  lbs  Amm.  Salts^aibs  N 

p       •       p      and8761be  Nit.8oda-43lb8  N  ... 

»       V       V     andlOOO  lbs  Rape  Cake «49  lbs  N 


WEIGHT  PER  BUSHEL  OF  DRESSED  GRAIN.  LBS 


lo 

68-6 

58-0 

48-8 

-4-8 

-8*8 

6B-8 

7-a 

Farm-yard  Manure         

63-9 

64*2 

60-6 

-8-4 

—8*7 

64*8 

4o 

Mixed  Mineral  Manure,  alone 

640 

68*7 

60-4 

-8-6 

-8-8 

58-fl 

4a 

Mix.  Min  Man.  and  90O  Ibe  Amm.  Salt8=4S  lbs  N 

64*8 

64-8 

60-9 

—41 

-4-6 

64-9 

4aa 

,       »       ,      and  275  lbs  Nit.  8oda«4S  lbs  N  ... 

G9-1 

58-9 

49-8 

—2-3 

—41 

68-8 

40 

V       »       p     and  1000  lbs  Rape  Cake=49  lbs  N 

50-8 

641 

491S 

.8-9 

-4-6 

C3-9 

STRAW  per  acre,  LBR 

lo 

2449 

1495 

69S 

—1916 

—  899 

1198 

7-a 

4171 

9649 

8645 

-696 

+  996 

3296 

4o 

Mixed  mineral  Manure,  alone 

2595 

1990 

491 

-^2104 

—1429 

1380 

4a 

Mix.  Min.  Man.  and  900  lbs  Amm.  Salt8»48  lbs  N 

4580 

3120 

9833 

—9197 

—  787 

8019 

4aa 

•       »       »      and  975  Ibe  Nit.  8oda»43  lbs  N  ... 

6487 

4067 

2398 

—3069 

—1669 

8848 

40 

•       •       •      and  1000  Ibe  Rape  Cake»49 lbs  N 

4712 

8705 

2588 

-9124 

—1117 

8066 

TOTAL  PRODUCE  (Grain  and  Straw)  per 

acre, 

LBS 

lo 

Unmannred 

4406 

9878 

948 

—8468 

—1936 

2186 

7-2 

7298 

RSM 

6724 

—1674 

+  160 

6140 

4o 

Mixed  Mineral  Manure,  alone 

4969 

4111 

879 

—4090 

-3932 

2789 

4a 

Mix.  Min.  Man.  and  200  lbs  Amm.  Silt8»48  lbs  N 

7958 

6886 

8867 

—4091 

—2469 

5674 

4aa 

...      and  275  lbs  Nit.  Soda»43  lbs  N  ... 

9026 

7734 

3619 

—6907 

—3915 

6049 

4o 

»       ,       ,      and  1000  lbs  Rai>e  Cake=49  lbs  N 

8126 

7241 

4246 

-8879 

-2995 

5607 

NoTB.— Plot  4aa,  Ammonium-Salt8s86 lbs  Nitrogen  first  6  years, « 48 lbs  next  10  years; 
Nitrate  Soda»43  lbs  Nitrogen  last  16  years.  Plot  4c,  9000  lbs  Rape  Cake  first  0  years ; 
1000  lbs.  since. 

For  comparison  with  the  produce  of  these  selected  years,  the 
average  on  each  of  the  six  plots  over  the  32  years  is  given ;  and  it  will 
be  seen  how  very  much  higher  than  the  average  is  the  produce  in  the 
good  years,  and  how  very  much  lower  in  the  bad  season. 

So  much  for  the  variations  in  the  amounts  of  produce  in  the 
different  seasons.    It  will  be  of  interest  to  consider,  however  summarily 
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it  may  be  practicable  to  do  it,  some  of  the  climatic  characteristics  of 
these  various  seasons. 

The  next  Table  (VI^  shows,  for  each  month  of  each  of  the  three 
seasons,  reckoning  from  October  to  September,  the  mean  temperature, 
and  the  rainfall,  above  or  below  the  average. 

Table  VI 
Characters  of  the  two  Beet  Seasons,  1854  and  1857,  and  of  the  Worst  Season,  1879 


Temperature 

and  Rainfall 

+  or  - 

-  Average 

Mean 
Temperature 

BalnfaU 

Days  of  Rain, 
Otn.  Inch,  or  more 

Best  two 

Worst 

Best  two 

Worst 

Best  two 

Worst 

1864 

1857 

1879 

1864 

1857 

1879 

1864 

1857 

1879 

October 

November 

December 

January 

February 

March 

April 

Deg.F 

+1-8 
-OU 
— 5'2 
+2-4 
+0-8 
+2-7 
+2-8 

Deg.F 

+2-1 
-1-6 
+10 
0-0 
+0-5 
+0-7 
-0-4 

Deg.F 

+1-9 
-2-6 
-6-5 
-4-7 
— 0-6 
+0-1 
—2-9 

Inches 

+1-48 
-0-45 
—1-80 

-0-eo 

—0*29 
—1-28 
—111 

Inches 

—0-89 
—1-15 
-0-27 
+0-60 
—1-80 
—0-77 
—0-80 

Inches 

—114 
+105 
-0-94 
+0-69 
+2-82 
—100 
+0W 

Days 

+13 

—  2 
0 

+  8 

—  8 

—  6 

—  4 

Days 

—  4 

—  8 
+  1 
+  7 

—  8 

—  2 
+  7 

Days 

—  1 
+  2 
+  4 
0 
+10 
+  2 
+  6 

May 

June 

July 

-1-6 
—2-8 
-1-8 

+1-5 
+8-8 
+2-9 

—41 
-1-8 
-«-6 

+1-61 
-0-99 
-0-86 

-1-67 
+0-80 
—1-60 

+1-36 
+2-39 

+ri2 

+  6 

+  1 
+  4 

-  6 

-  2 

-  2 

+  4 
+  9 
+  8 

August 
September 

00 
+1-6 

+4-9 
+3-2 

-1-0 
—0-2 

+0-21 
—1-42 

+0-10 
+100 

+2.79 
+0-47 

+  1 
—  8 

0 

+  1 

+  9 
+  2 

Averages 
Totals 

+1-6 

-2-0 

-6'U 

-6-85 

+9.91 

+  9 

—11 

+64 

It  is  obvious  that  different  seasons  wiU  differ  almost  infinitely 
at  each  succeeding  period  of  their  advance,  and  that,  with  each 
variation,  the  character  of  development  of  the  plant  will  also  vary, 
tending  to  luxuriance,  or  to  maturation,  that  is,  to  quantity,  or  to 
quality,  as  the  case  may  be.  Hence,  only  a  very  detailed  consideration 
of  climatic  statistics,  taken  together  with  careful  periodic  observations 
in  the  field,  can  afford  a  really  clear  perception  of  the  connection 
between  the  ever-fluctuating  characters  of  season,  and  the  equally 
fluctuating  characters  of  growth  and  produce.  It  is,  in  fact,  the 
distribution  of  the  various  elements  making  up  the  season,  their 
mutual  adaptations,  and  their  adaptation  to  the  stage  of  growth  of  the 
plant,  which,  throughout,  influence  the  tendency  to  produce  quantity  or 
quality.  Still,  it  will  be  seen  that  the  limited  summary  of  the 
meteorological  conditions  of  the  seasons  in  question,  which  can  alone 
be  given  here,  is  not  without  significance. 

First  then  as  to  1854,  the  season  of  great  luxuriance  and  high  total 
produce.  The  Table  shows  that  there  was  an  excess  of  temperature  in 
January,  February,  March,  and  April,  with  a  deficiency  of  rain  from 
November  to  April  inclusive ;  but  that  during  May,  June,  and  July, 
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that  is  the  months  of  active  above-ground  growth,  there  were  lower 
than  the  average  temperatures,  with  a  considerable  excess  of  rain  in 
May,  and  then  a  deficiency — conditions  obviously  favouring  continued 
vegetation  and  slow  maturation. 

In  1857,  there  was  less  excess  of  temperature,  and  less  than  the 
average  amount  of  rain  to  the  end  of  April ;  then  from  May  to  August 
inclusive  there  was  both  considerable  deficiency  of  rain  and  considerable 
excess  of  temperature ;  that  is,  there  were  throughout  the  period  of 
active  above-ground  growth  conditions  favouring  seeding  tendency  and 
maturation  rather  than  luxuriance. 

Thus,  then,  the  two  good  seasons  were  very  different  in  their 
climatic  characteristics,  as  they  were  in  the  character  of  their  produce. 

Compared  with  these,  the  very  bad  season  of  1879  shows  much 
lower  than  average  temperatures  throughout  the  winter,  spring,  and 
summer,  and  even  somewhat  in  the  autumn,  with,  at  the  same  time, 
great  excess  of  rain  from  January  to  September  inclusive ;  and  it  will 
be  seen  that  both  the  deficiency  of  temperature  and  the  excess  of  rain 
were  very  marked  from  April  to  August  inclusive,  that  is,  during  the 
whole  period  of  the  above-ground  growth,  and  the  ripening,  if  such  it 
may  be  called,  of  the  crop,  for  in  many  cases  the  weight  per  bushel  was 
less  than  50  lbs.,  whilst  the  amounts  of  produce  were,  as  has  been  seen, 
very  greatly  below  the  average. 

Even  then  this  very  incomplete  record  of  the  climatic  characters  of 
the  three  seasons  is  sufficient  clearly  to  indicate  the  connection  between 
such  conditions,  and  the  characteristic  differences  in  the  three  crops. 

Influence  of  Exhaustion,  Manures,  and  variations  of  Season,  on  the 

Composition  of  the  Barley  Crop. 

I  have  now  considered  the  influence  of  exhaustion,  manures,  and 
variations  of  season,  on  the  amount  of  produce  of  Barley,  and  I  propose 
briefly  to  consider  their  influence  on  its  composition.  When  discussing 
last  year  the  influence  of  various  conditions  on  the  composition  of 
Wheat,  it  was  shown  that  although  the  supplies  within  the  soil — both 
of  nitrogen  and  of  mineral  constituents — had  a  very  direct  influence 
on  the  composition  of  the  crop  so  long  as  it  was  only  in  the  vegetative 
stage,  yet  there  was  nevertheless  very  great  uniformity  in  the  com- 
position of  the  final  product  of  the  plant — the  seed — provided  only 
that  it  was  perfectly  matured.  The  composition  of  the  straw,  however, 
showed  a  very  direct  connection  with  the  supplies  by  the  soil.  The 
composition  of  the  grain,  on  the  other  hand,  was  materially  influenced 
by  variations  of  season.  But  variations  of  season  obviously  have  great 
influence  on  the  condition  of  maturation  ;  whilst  difference  in  matura- 
tion implies  difference  in  organic  composition — in  the  amount  of  carbo- 
hydrates (starch  especially) — formed.  In  fact,  *  such  variations  in 
composition  imply  deviations  from  perfect  and  normal  maturation  ;  and 
such  deviations  are  associated  not  only  with  differences  in  the  organic 
composition — the  relation  of  the  nitrogenous  to  the  non-nitrogenous 
constituents — but  with  differences  in  the  mineral  composition  also. 

It    follows,    from  what    has    been  said,   that  variations  in  the 
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composition  of  the  final  and  very  definite  product — ^the  seed,  should  be 
much  more  clearly  traceable,  to  variations  of  season  than  to  the 
variations  in  the  supplies  within  the  soil;  in  other  words,  than  to 
exhaustion  or  manures.  This  was  found  to  be  very  strikingly  so  in  the 
case  of  wheat,  and  we.  have  now  to  consider  how  far  it  is  so  with  its 
near  ally — barley. 

The  results  given  in  Table  VII.  forcibly  illustrate  the  much 
greater  influence  of  variations  of  season  than  of  manures,  on  the 
composition  of  barley  grain.  Complete  analyses  of  the  ash  of  the 
ffrain  (and  also  of  the  straw)  grown  by  different  manures,  each  in 
different  seasons,  have  been  made,  and  taking  for  illustration  the 
important  and  characteristic  consituents,  potash  and  phosphoric  acid, 
the  Table  shows  for  three  very  different  manurial  conditions — 

1.  Without  manure, 

2.  With  farmyard  manure, 

3.  With  an  artificial  manure  suppljdng  liberally  both  nitrogen  and  mineral 

constituents — 

the  highest,  the  lowest,  and  the  mean  amounts  of  potash  and  phosphoric 
acid,  in  1 000  parts  of  the  dry  substance  of  the  grain,  and  of  the  straw, 
in  the  different  seasons. 

TABLE  vn. 
Highest,  lowest,  arid  mean  amourUs  of  potash  and  phosphoric  aeid  per  1000 

dry  substance. 


Per  1000  Dry  Grain 


Per  1000  Dry  Straw 


HlgheBt      I     lioveet     |  Meanl        Highegt  \     Lowest    |  Mean 


POTASH. 


1  0 

Unmantired 

1871 

7M 

1868     6-00 

6-6i 

1871 

11-77 

1866 

5-25 

8-66 

7  a 

Farm.yard  Man.... 

1871 

8*96 

1866 

6-89 

4*81 

1871 

22<n 

1866 

6-78 

13^ 

4  A 

Ifix.  Min.   Man. 
andAmm.  Baits. 

1871 

7-98 

1862 

662 

6*61 

1871 

22-63 

1862 

667 

U-06 

PHOSPHORIC   ACID. 


1  0 

Unmannred 

1862 

10-08 

1864 

8-86 

9-27 

1866 

• 

9^ 

1868 

1-20 

1-74 

7  a 

Farm-yard  liannre 

1871 

10-60 

1864 

9-23 

0-99 

1866 

a-aa 

1868 

1*48 

2-19 

4  A 

Miz.  Mm.    Man. 
and  Amm.  Salts...  . 

1856 

10-39 

1868 

8-84 

9-68 

1866 

3<ia 

1863 

1-06 

1-W 

First  as  to  the  amounts  of  potash  in  1000  parts  dry  substance  of 
grain  of  the  differently  manured  plots  in  the  different  seasons.  It  is 
seen  that  there  is  much  greater  variation  in  the  proportion  of  potash  in 
different  seasons  with  the  same  manure,  than  there  is  with  different 
manures.  Further,  the  seasons  showing  the  highest  amount  of  potash 
are  those  of  much  higher  maturing  character  than  those  with  the 
lowest  amounts. 

Next  it  is  seen  that  there  is  still  greater,  indeed  enormous  variation, 
in  the  amount  of  potash  in  the  dry  substance  of  the  straw  with  the 
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same  manurey  in  dififerent  seasons.  There  is  also  great  variation 
according  to  manure ;  comparatively  little  when  there  was  fall  supply, 
bat  considerable  without  manure,  that  is  with  exhaustion. 

Turning  now  to  the  phosphoric  acid  in  the  grain:  there  is  here 
again  much  more  variation  in  different  seasons  with  the  same  manure, 
than  with  diflerent  manures.  But  whilst  in  the  case  of  potash  there  is 
the  higher  proportion  in  the  beti&r  seasons,  in  that  of  phosphoric  acid 
there  are  lower  amounts  in  the  dry  substance  in  the  better  seasons.  In 
fact  high  amount  of  potash  in  the  ash,  and  in  the  dry  substance  of  the 
grain,  is  as  a  rule  associated  with  high  maturation,  that  is  with  high 
proportion  of  starch,  whilst  high  proportion  of  phosphoric  acid  is 
generally  associated  with  low  maturation  and  lugh  proportion  of 
nitrogen. 

m  proportion  of  phosphoric  acid  in  the  straw,  also  varies  more 
with  season  than  with  manure,  and  it  is  the  highest  in  the  worst 
seasons. 

The  connection  between  maturation  and  composition  is  further 
iUustrated  in  the  results  given  in  Table  YIII. 


TABiiB  vm. 

ffeneral  oharaeter  ef  the  produce,  meanperoentage  in  pure  ath,  and  parti  per  1000 

drjf  matter,  of  Potash  and  Phoepharie  Aeid.    Mean  of  6  differently-manured 

plots  in  each  season.    Harvests  in  order  of  highest  weight  per  huhel. 


Wdght 

per  bushel 

of  Grain 

IbB. 


Per  cent. 

Ash  (pure)  In 

dry  matter 


Per  cent,  in  Aah 
(pore) 


Potash 


Phosphoric 
Acid 


Per  1000 
dry  matter. 


Potash 


Phosphoric 
Aoid 


GRAIN 


1371 

SS*9 

8*65 

90*80 

85-88 

7-89 

9*89 

1668 

65-8 

9*55 

96-59 

85-80 

8*78 

9*16 

isn 

S17 

9-48 

93-84 

40*89 

5*90 

10-18 

1S06 

47*4 

9-44 

94-21 

41-85 

6*89 

10-09 

STRAW 


1071 

65*9 

6*27 

26*01 

8*68 

16*OT 

9*31 

1863 

55-8 

5-48 

24-91 

2-29 

13-90 

1*98 

1869 

61-7 

4*45 

14-69 

4*05 

6-58 

1*81 

1866 

47-4 

4-49 

13-61 

6-49 

610 

9*89 

In  the  Table  are  given  the  mean  results  for  six  differently  manured 
plotSy  in  each  of  four  very  different  seasons,  so  far  as  the  maturation 
of  the  grain  was  concerned.  The  different  seasons  are  given  in  the 
order  of  the  highest  weight  per  bushel  of  the  grain — ^high  weight  per 
bushel  being  upon  the  whole  the  best  practical  measure  of  high  quality. 

It  will  be  seen  that,  as  so  measured,  the  seasons  are  given  in  the 
following  order — 1871,  1863,  1852,  and  1856, — the  average  weight  per 
bushel  of  the  grain  being  in  1871,  55*9  lbs. ;  in  1863,  55*3  lbs. ;  in 
1852,  51-7  lbs. ;  and  in  1856  only  474  lbs. ;  or  about  8  lbs.  less  than 
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in  the  two  seasons  of  highest  weight  There  is  here,  then,  very  great 
variation  in  the  character  of  these  four  seasons,  and  in  the  degree  of 
maturation  of  the  grain  accordingly. 

The  particulars  of  composition  given  for  each  of  these  four  seasons 
are — the  percentage  of  total  mineral  matter,  or  ash,  in  the  dry  matter 
of  the  grain,  and  of  the  straw ;  the  percentage  in  the  ash  (of  both 
grain  and  straw),  of  potash  and  phosphoric  acid;  and  the  amount  of 
potash  and  phosphoric  acid,  in  1000  dry  substance  of  both  grain  and 
straw. 

No  determinations  of  nitrogen  are  available,  but  it  may  be  stated 
that  the  percentage  of  nitrogen  is  almost  uniformly  lower  in  the  seasons 
of  high  maturation. 

The  Table  shows  that,  in  both  grain  and  straw,  there  is  a  higher 
percentage  of  ash  in  the  dry  substance,  the  higher  the  quality  of  the 
grain.  There  are  also  higher  percentages  of  potash,  but  lower  per- 
centages of  phosphoric  acid,  in  both  the  ash  and  the  dry  substance,  the 
higher  the  quality  of  the  grain. 

In  wheat,  however,  there  is  lower,  not  higher,  percentage  of  ash  in 
the  dry  substance  of  the  grain,  the  higher  its  quality.  But,  in  wheat, 
as  in  barley,  there  is  higher  percentage  of  potash,  and  lower  percentage 
of  phosphoric  acid,  in  the  ash,  the  higher  the  quality.  On  the  other 
hand,  there  is  not  in  the  case  of  wheat,  as  there  is  in  barley,  a  much 
higher  percentage  of  potash  in  the  dry  substance,  the  higher  the 
quality.  This  difference  may  be  partly  due  to  the  larger  proportion 
of  starch  to  nitrogenous  substance  in  the  barley ;  but  it  is  probably  in 
part  also  due  to  the  paleaB  ^or  chaff)  of  the  barley,  but  not  of  the  wheat, 
being  adherent^  and  retaining  the  surplus  potash  brought  up  for  grain 
formation. 

In  both  descriptions  of  grain  there  is  very  uniformly  a  lower 
proportion  of  phosphoric  acid  in  the  dry  matter,  the  higher  the  quality 
of  the  grain. 

In  the  straw,  there  is  high  percentage  of  ash  in  the  dry  matter, 
high  percentage  of  potash,  and  low  percentage  of  phosphoric  acid,  in 
the  asn,  and  high  percentage  of  potash,  and  low  of  phosphoric  acid,  in 
the  dry  matter,  the  higher  the  quality  of  the  grain.  In  the  straw, 
however,  the  variations  show  a  much  wider  range,  indicating  much 
less  definiteness,  and  greater  irregularity  in  condition. 

Thus,  then,  the  higher  the  quality  of  the  barley  grain,  that  is  the 
higher  its  proportion  of  starch,  the  higher  is  the  proportion  of  potash, 
and  the  lower  is  that  of  phosphoric  acid.  It  may  be  mentioned  that 
with  a  higher  proportion  of  potash  there  is  generally  a  lower 
proportion  of  both  lime  and  magnesia,  and  with  a  lower  proportion  of 
phosphoric  acid  there  is  a  somewhat  higher  ])roportion  of  sulphuric  acid. 

Another  point  of  interest  is,  although  it  is  true  the  amounts  are 
small,  that  there  is  a  tendency  to  a  higher  proportion  of  soda  in  the 
grain  ash,  and  in  the  dry  matter  of  the  grain,  in  the  better  seasons, 
even  when  there  is  no  deficiency  of  potash.  This,  again,  is  probably 
due  to  the  ash  of  the  barley  grain  containing  that  of  the  adherent  pale«. 
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In  relation  to  the  composition  of  the  straw,  the  most  striking 
result  is  (though  not  shown  in  the  Table)  that  there  is  little  more  than 
two  thirds  as  high  a  percentage  of  silica  in  the  ash  of  the  produce  of 
the  better  as  in  that  of  the  worse  seasons. 

Thus  far  the  effects  of  season,  and  coincidently  with  this  the  degree 
of  maturity  of  the  grain,  on  its  composition,  have  chiefly  been 
illustrated.  The  next  results  illustrate  more  directly  the  influence  of 
exhaustion,  or  of  full  supply,  of  mineral,  or  ash  constituents,  on  the 
mineral  composition  of  the  produce,  both  grain  and  straw. 

The  first  three  columns  of  Table  IX.  (p.  22),  relate  to  the  mineral 
composition  of  the  produce  grown  for  25  years  in  succession,  by 
ammonium  salts  and  superphosphate  of  lime,  but  without  supply  of 
potash,  soda,  or  magnesia.  The  last  three  columns  show  the  composi- 
tion of  the  produce  by  ammonium  salts,  and  superphosphate,  with 
potash,  soda,  and  magnesia,  in  addition.  There  are  given  the  results 
obtained  by  the  analysis  of  proportionally  mixed  samples  of  the 
produce,  of  ten  years  1852-61,  of  ten  years  1862-71,  and  of  five  years 
1872-76.  The  upper  division  of  the  Table  gives  for  the  potash,  the 
second  for  the  soda,  the  third  for  the  phosphoric  acid,  and  the  fouith 
for  the  silica — 1,  the  percentage  in  the  ash  (pure)  of  the  grain  and  of 
the  straw;  2,  the  amounts  per  1000  dry  matter  of  grain  and  of  straw; 
3,  the  amounts  per  acre  per  annum  in  lbs.  in  the  total  produce  (grain 
and  straw  together),  in  the  grain  alone,  and  in  the  straw  alone. 

First  referring  to  the  potash,  its  percentege,  even  in  the  grain  ash, 
is  seen  somewhat  to  diminish  from  period  to  period  where  none  was 
supplied  in  manure;  and  in  a  somewhat  greater  degree  to  increase 
where  there  was  an  annual  supply  of  it  by  manure.  In  the  straw  ash, 
however,  whilst  the  percentage  of  potash  goes  down  from  18*44  over 
the  first  period  to  only  8*70,  or  less  than  half,  over  the  third  period, 
where  none  was  supplied,  it  increases  from  27*85  per  cent,  over  the 
first,  to  34*43  per  cent,  over  the  third  period,  when  it  was  annually 
supplied.  Thus,  the  influence  of  exhaustion,  or  of  full  supply,  has  been 
comparatively  small  on  the  mineral  composition  of  the  grain,  but  very 
great  indeed  on  that  of  the  straw. 

The  point  is  further  illustrated  in  the  next  results,  showing  the 
amounts  of  potash,  per  1000  dry  matter  of  grain,  and  of  straw, 
respectively.  There  is  again  comparatively  little  variation  in  the 
relation  of  the  potash  to  the  organic  matter  in  the  case  of  the  grain, 
but  very  great  variation  in  the  case  of  the  straw ;  and  when  it  is  borne 
in  mind,  that  the  ash  of  barley  grain  contains  that  of  the  adherent 
paleas  as  well  as  that  of  the  grain  proper,  the  conclusion  is  that  the 
variation  in  the  proportion  of  potash  to  the  fixed  organic  substance  of 
the  grain  itself  is  much  less  than  the  figures  would  indicate.  Indeed, 
it  is  probable  that  the  variation,  such  as  it  is,  is  associated  with  a 
different  relative  proportion  of  the  organic  compounds  themselves — of 
the  fully  matured  non-nitrogeuous  to  the  nitrogenous  bodies.  In  fact, 
the  evidence,  duly  considered,  is  not  in  favour  of  the  view  that  there 
is  variation  in  the  proportion  of  the  potash  to  the  fixed  and  ripened 
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non-nitroeenous  constitaents,    with    the    formation  of   which    it    is 
associated 

Table  IX 

EzperimentB  on  Barley,  HooBfield,  BothamstecL  Potash,  Soda,  Phosphorio  add, 
and  Silioa,  per  oent  in  Ash,  per  1000  Dry  snbatanoe,  and  Quantities  per  acre 


AtmTnonlnm  aA.1iM 

Animoninm  salts 

• 

and 
SnperphoBphate 

superphosphate 

and 

potash,  soda,  and  magnastai 

10  yean 
186a- 
1801 

lOFMn 
1880- 

1871 

Sraan 

1872- 
1876 

10  rears 
1862- 
1861 

10  yean 
1862- 
1871 

187B 

POTASH 

1>AW  A&VkA  l«k     AaV                                             lOl     OTAlll«a««aa««...>. 

fl6-79 
18-44 

6-aa 

8*64 

36-60 
1307 
2S'53 

8S-97 
13-31 

6-2S 
6*41 

80-88 
14-46 
16-43 

25-97 
8-70 

6-88 
3-63 

18*16 

11*83 

6-88 

87*62 
27*86 

6*62 
14-66 

53*74 
13-60 
80*94 

28*46 
32-92 

.6-82 
18-61 

63-73 
15-28 
48-46 

29-19 
34-43 

7-U 

Per  oent  in  AA        l  ^^  BSaw;;;::.::.".. 

TttMmti^^T\m^  %WM.ttttmm         foi  Omlxi 

Per  1000  Dry  Matter        |  ^  sSw.....:....... 

17*88 

_                                      fin  Total Prodnce 

63.06 
13-87 

in  Straw 

80-18 

SODA 

T>.Mw jkmma  im  a aiv.                for  (rruxi 

116 
6-42 

OUT 
9*97 

8-40 
0-56 
7*84 

2H)7 
11-89 

0-60* 
6-49 

16-21 

1-16 

14-06 

2-72 
13-63 

0*63 
6*66 

11*86 

1-22 

10*68 

0-61 
2-60 

0-12 
1*82 

8-84 
0*26 
3*69 

0-68 
2-30 

0*14 
1*29 

SJBO 
0-31 
3*88 

Oi66 

Per  oent  in  ABh               |  J,  HStmZZ.Z. 

2-60 

n>.MW  1/VMl  T\aa»   Vr^AA^aa                          f  Ol     OrSin 

0*10 

Per  1000  Dry  Matter         |  J,  bSi^.ZZZ. 

1*36 

(in  Total  Prodnoe 

8-27 
0-81 

in  Straw.... 

8-96 

PHOSPHORIC  ACID 

T>MH  mmma  ix  Am\m                (of  QnAxi 

38-66 
8-06 

8-96 
1*42 

82-64 

18-80 

8-74 

86-86 
8*66 

8-72 
1-83 

28-38 

20-23 

8-16 

88-20 
8-48 

8*86 
1*46 

19-78 

17*06 

2*78 

38-63 
2*97 

9.10 
1*66 

28*61 

19-25 

4*26 

87-31 
2*47 

8-96 
1-89 

28-07 

2004 

8-63 

88-61 

Per  oent  in  ABh        |  jj  sSSw...;;:;;::::: 

3-16 

T>nM  1/^M  T> *'-aAA^a>         f  of  Grraln. ...... ...... 

9-80 

Per  1000  Dry  Matter         |  ^J  BSaw.:.;.:""::. 

1*63 

_                                       ( in  Total  Prodaoe 

81*91 
18*33 

in  Straw 

3*68 

SILIOA 

T>A_  An,nA  i_  A  _«.                 1  Ol  Qraiii. •.•••■•••.•• 

18-60 
47-87 

4-sa 

ffl-16 

07-66 

9-07 

56*48 

20*02 
43-39 

4-95 
20-92 

66-06 
11-47 
63-68 

18*64 
44-07 

4-32 
18*37 

42*92 

8*82 

34-60 

18-67 
4307 

4-41 
22-96 

71-96 

9-88 

68-63 

19-18 
85-41 

4*60 
19*91 

02-42 
10-30 
62-12 

1714 

Per  cent  in  ABh        { ^  sSaw..:::.:;.:... 

32-08 

T>nM  ^nnn  T^        mr.A&...               lOT  Crr^iD. ••••••••.■•> 

417 

Per  1000  Dry  Mattar         \  ^^  sSliwZZZ. 

16-63 

^                                        fin  Total  Prodaoe 
PflTBimeper  annnm,  lbs    in  Grain 

44-56 
8-14 

in  straw 

36-44 
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The  effects  of  exhaustion,  or  of  full  supply  of  constituents,  is  more 
strikingly  still  brought  out  by  a  study  of  the  figures  showing  the 
amounts  of  potash  taken  up  per  acre  by  the  crops  without,  and  with, 
the  supply  of  it.  Thus,  the  average  amounts  of  potash  taken  up,  or 
rather  retained,  per  acre  per  annum,  in  the  entire  crop  (grain  and 
straw  together)  are,  over  the  three  successive  periods,  without  supply 
of  it^36-60,  30-88,  and  1816  lbs.  ;  and  with  full  supply  they  are, 
over  the  same  periods — 53-74,  63*73,  and  53*05  lbs.  That  is  to  say 
there  is  without  supply  little  more  than  half  as  much  potash  annually 
stored  up  in  the  crop  over  the  last  five  years,  as  over  the  first  ten  years, 
of  the  25.  On  the  other  hand,  with  full  supply,  there  is,  over  the 
second  period  more  than,  and  over  the  third  period  about  the  same 
amount  as,  over  the  first  period;  and  there  is,  over  the  first  period 
about  one-and-a-half  time,  over  the  second  period  twice,  and  over  the 
third  period  nearly  three  times,  as  much  as  where  there  was  no  supply. 

Yet,  with  thes^  enormous  differences  in  the  amoants  taken  up  and 
retained  by  the  entire  plant  in  the  different  cases,  there  is  comparatively 
little  difference  in  the  amounts  accumulated  in  the  grain.  Thus,  over 
the  first  period,  the  amounts  in  the  grain  are — ^without  supply  13*07 
lbs.,  and  with  supply  13*80  lbs. ;  over  the  second  period — without 
supply  14*45  lbs.,  and  with  supply  15*28  lbs. ;  and  over  the  third 
period — without  supply  11*33  lbs.,  and  with  supply  13*87  lbs. 

It  is  thus  seen  that,  over  each  period,  there  was  rather  less  in  the 
grain  without  than  with  supply,  but  that  the  deficiency  was  not 
material  until  the  third  period;  that  is  until  after  20  years  without 
supply  in  the  one  case,  and  20  years  with  it  in  the  other. 

In  reference  to  these  results,  it  has  already  been  shown,  in  discussing 
those  in  Table  IV.  (p  12)  that  over  a  period  of  32  years,  that  is  extending 
seven  years  later  than  the  25  years  to  which  the  foregoing  figures 
relate,  there  was  almost  identically  the  same  amount  of  produce  of 
grain,  without  as  with  the  supply  of  potash  ;  though  there  was,  on  the 
other  hand,  rather  more  straw,  especially  in  the  later  years,  with  the 
supply.  It  would  appear,  therefore,  that  the  diminished  amount  of 
potash  taken  up  by  the  plant  was  sufficient  for  the  exigencies  of  grain- 
formation  almost  to  the  end  of  the  period ;  and  that  at  least  a  large 
proportion  of  the  excess  taken  up  when  it  was  liberally  supplied  was 
surplusage  so  far  as  the  requirements  of  the  grain  were  concerned. 
Some  idea  of  how  great  was  this  surplusage  may  be  formed  by  reference 
to  the  difference  in  the  amounts  of  potash  eventually  remaining  in  the 
straw.  Thus,  the  average  amounts  of  potash  per  acre  per  annum  in 
the  straw  were — over  the  first  period,  without  supply,  22*53  lbs.,  and 
with  supply  39-94  lbs.,  or  17*41  lbs.  more;  over  the  second  period, 
without  supply  16*43  lbs.,  and  with  supply  48*45  lbs.,  or  32*02  lbs. 
more ;  and  over  the  third  period,  without  supply  6*83  lbs.,  and  with 
supply  39*18  lbs.,  or  32*35  lbs.  more.  It  is  not  to  be  supposed, 
however,  that  the  whole  of  these  plus-amounts  were  surplusage ;  for 
although  the  average  yield  of  grain  has  been  so  well  maintained,  the 
character  of  the  plant  has  obviously  depreciated  for  a  good  many  years, 
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and  several  times  in  recent  years  even  the  yield  of  grain  has  been 
considerably  deficient.  Indeed,  it  would  seem  that  the  plant  has 
become  more  sensitive  to  adverse  conditions  of  soil  or  season. 

Turning  now  to  the  soda,  it  is  seen  that  whether  we  look  at  its 
percentage  in  the  ash  of  the  grain,  and  of  the  straw,  its  proportion  in 
1000  dry  substance,  or  the  amounts  in  the  acreage  crops,  very  much 
more  was  found  in  the  crops  grown  without  its  supply,  but  where 
potash  was  deficient,  than  where  soda  was  annually  supplied.  This  is 
strikingly  illustrated  by  reference  to  the  average  amounts  per  acre  per 
annum  in  the  total  crops,  grain  and  straw  together.  Thus,  over  the 
first  period,  the  average  amounts  of  soda  in  the  total  crop  were,  without 
any  supply  of  either  potash,  soda,  or  magnesia,  8*40  lbs.,  and  with  the 
supply  of  all  three,  only  3*84  lbs. ;  over  the  second  period,  without 
the  supply  15  21  lbs.,  and  with  the  supply  only  3*69  lbs. ;  and,  lastly, 
over  the  third  period,  without  the  supply  11-85  lbs.,  and  with  the 
supply  only  3-27  lbs. 

Thus,  then,  not  only  was  there  much  more  soda  taken  up,  or 
retained,  by  the  plant  where  it  was  not  supplied  than  where  it  was, 
but  it  is  evident  that  there  was  the  more  soda  taken  up  the  less 
the  supply  of  potash.  The  amounts  of  soda  retained  in  the  grain  are, 
however,  seen  to  be  but  small ;  there  is  more  it  is  true  where  there  was 
a  deficiency  of  potash,  and  where  more  soda  was  taken  up.  But,  looking 
to  the  amounts  of  soda  per  cent,  in  the  grain  ash,  or  per  1000  dry 
substance  of  the  grain,  it  would  seem  probable  that  the  larger  amounts 
where  there  was  deficiency  of  potash,  and  more  total  soda  taken  up, 
were  probably  only  due  to  larger  amounts  eliminated  from  the  grain 
proper,  and  retained  in  the  adherent  palese,  or  chaff.  Whether, 
however,  the  soda  has  been  of  any  avail,  in  the  earlier,  or  merely 
vegetative  stages  of  growth,  as  a  carrier,  or  otherwise,  may  be  a 
question. 

Next  as  to  the  phosphoric  acid,  of  which  there  was  the  same 
annual  supply  on  both  plots.  It  is  seen  that  whether  we  take  its 
percentage  in  the  ash,  its  proportion  to  the  dry  substance,  or  its  average 
quantity  per  acre,  the  amounts  are,  iu  the  comparable  cases,  compara- 
tively uniform ;  the  difi*erences  not  being  greater  than  can  be  supposed 
to  be  connected  with  the  differences  in  growth  due  to  the  differences  in 
the  supply  of  other  constituents. 

Lastly,  as  to  the  silica :  the  chief  point  of  interest  to  remark  is, 
that,  as  the  figures  show,  its  percentage  in  these  barley  grain  ashes 
ranges  from  17  to  more  than  20,  whereas  in  wheat  grain  ash  it  ranges 
only  from  about  0*5  to  about  1*5  per  cent. ;  or,  if  we  take  the  proportion 
of  silica  to  1000  dry  substance  of  grain,  in  barley  it  ranges  from  4  to 
5  parts,  and  in  wheat  only  from  about  0.1  to  about  0.3  parts.  This 
difference  is  obviously  due  to  the  chaff  being  aiihereut  in  the  case  of 
barley,  and  not  in  that  of  wheat ;  and  the  figures  afford  clear  illustra- 
tion of  the  material  degree  in  which  the  composition  of  barley  grain-ash 
is  influenced  by  the  inclusion  in  it  of  what  is,  in  a  sense,  extraneous 
matter.     It  is  indeed  obvious  that,  under  such  circumstances,  we  should 
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expect,  aa  we  find,  less  definiteness  in  the  mineral  composition  of  the 
grain  of  barley  than  in  that  of  wheat. 

On  what  does  Strength  of  Strata  depend  f 

It  will  be  appropriate  to  refer  here  to  the  bearing  of  experimental 
evidence  on  the  question  whether,  as  is  frequently  stated,  strength  of 
straw  is  dependent  on  a  high  percentage  of  silica.  Table  X.  (p.  26)  affords 
illustrations  on  this  point.  The  upper  division  of  the  Table  gives 
results  relating  to  wheat,  and  the  lower  division  corresponding  results 
relating  to  barley.  In  the  case  of  wheat  five,  and  in  that  of  barley  three, 
very  different  conditions  of  manuring  are  selected  for  illustration ;  and 
for  each  condition  as  to  manuring  results  obtained  in  bad  and 
in  good  seasons,  are  given.  The  particulars  indicating  the  character 
of  the  crops  are — the  percentage  of  grain  in  the  total  produce,  and  the 
weight  per  bushel  of  the  dressed  grain ;  and  side  by  side  with  these 
are  recorded — the  percentage  of  ash  in  the  dry  matter  of  the  straw,  the 
percentage  of  silica  in  the  ash,  and  the  percentage  of  silica  in  the  dry 
matter. 

In  the  wheat  in  every  case,  and  in  the  barley  in  every  case  but  one, 
there  is  a  higher  proportion  of  grain  in  the  better  season ;  and  in  every 
case,  of  both  wheat  and  barley,  there  is  a  much  higher  weight  per 
bushel  of  grain  in  the  better  season.  These  conditions  are,  in  fact, 
proof  of  the  superiority  of  the  crops  in  the  main  characters  of  seed- 
forming  tendency,  and  ripening. 

The  percentage  of  ash  in  the  dry  matter  of  the  straw  is  not  a  very 
significant  character ;  and  it  is  seen  that  in  the  case  of  the  wheat  it 
was  on  the  average  somewhat  the  lower,  but  in  that  of  the  barley 
uniformly  the  higher  in  the  better  seasons. 

The  percentage  of  silica  in  the  straw  ash  is  more  significant,  and  in 
both  the  wheat  and  the  barley  it  is  under  all  the  conditions  of  manuring 
much  the  lower  in  the  better  seasons.  More  significant  still,  \&  the 
percentage  of  silica  in  the  dry  matter  of  the  straw,  and  it  is  seen  that, 
with  the  wheat  under  each  condition  of  manuring,  and  with  the 
barley  under  most  conditions,  it  is  considerably  lower  in  the  better 
seasons.  It  may  be  observed  that  the  exceptions  in  the  case  of  the 
barley  were  where  organic  manure,  as  in  rape-cake  and  farm-yard 
manure,  was  employed. 

Direct  analytical  results  clearly  show,  therefore,  that  the  proportion 
of  silica  is,  as  a  rule,  lower,  not  higher,  in  the  straw  of  the  better 
grown  and  better  ripened  crops. 

This  result  is  quite  inconsistent  with  the  usually  accepted  view  that 
high  quality  and  stiffness  of  straw  depend  on  a  high  amount  of  silica. 
Pierre  and  Bretschneider  have,  however,  concludea  from  their  experi- 
ments that  this  is  not  the  case,  and  at  Eothamsted  we  have  long 
maintained  a  contrary  view.  In  fact,  high  proportion  of  silica  means 
a  relatively  low  proportion  of  organic  substance  produced.  Nor  can 
there  be  any  doubt  that  strength  of  straw  depends  on  the  favourable 
development  of  the  woody  substance;  and  the  more  this  is  attained 
the  more  will  the  accumulated  silica  be,  so  to  speak,  diluted — ^in  other 
words,  show  a  lower  proportion  to  the  organic  substance. 
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TABLE  Z. 
P^  eent.  SUiea  in  the  Ath,  and  in  the  dry  matter,  qf  Wheat  Straw  and  Barley 
Sbrwm  grown  hy  different  manvres,  and  in  different  seasons. 
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I  may  mention  that  in  my  own  neighbourhood,  where  the  straw- 
plait  industry  prevails,  the  complaint  during  several  recent  seasons  of 
bad  harvests  was  that  an  unusually  large  proportion  of  the  straw  was 
brittle,  and  broke  in  the  working ;  and  considering  the  character  of  the 
seasons  there  can  be  no  doubt  that  this  was  associated  with  low 
development  of  the  woody  matter,  and  high  proportion  of  silica. 

Our  Area  under  the  Crop,  and  the  Amount  of  our  Imports. 

Before  concluding  on  the  subject  of  barley,  it  will  be  of  interest  to 
consider  the  extent  of  area  devoted  to  the  crop  in  the  United  Kingdom, 
the  amount  of  our  total  annual  imports,  and  from  what  countries  our 
supplies  are  chiefly  derived. 

Table  XI.  (p.  27)  shows  the  area  under  the  crop  in  the  United 
Kingdom,  in  each  of  the  last  13  years,  1873  to  1885  inclusive.  It 
also  shows  the  total  imports  into  the  United  Kingdom  during  the  year 
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succeeding  each  of  the  first  12  of  the  13  harvests,  reckoning  from 
September  1  to  August  31  in  each  case. 

The  figures  show  that  since  the  harvest-year  1880-81,  there  has 
been  a  reduction  of  area.  Further,  the  last  column  shows  that 
since  the  same  date  there  has  been  a  considerable  increase  in  our 
imports. 

TABIiE  ZI. 
Area  under  Barley  in  the  United  Kingdom;  aUo  ImporU  into  the  United  Kingdom^ 

dwring  each  harvest  year  from  1873-4  to  1885-6. 
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1881-2 

2,662,927 

8,725,384 

188S-S 
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2.346.041 

4,796,906 
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2,447469 

Noss.^The  Area  refers  to  the  first  of  the  two  dates  opposite  to  which  it  is  placed;  the 
Imports  refer  to  the  sucoeedlxig  harvest  year— September  Ist  to  August  Mst. 

Now,  it  was  in  1880  that  the  repeal  of  the  malt-tax  took  place  ;  a 
change  which  it  was  maintained  by  its  advocates  in  the  agricultural 
interest,  would  greatly  encourage  the  home  growth  of  baney.  The 
actual  result  has  been,  however,  a  diminution  of  our  own  area,  and  an 
increase  in  our  imports.  It  would  seem  that  the  high  duty  served  as  a 
bounty  on  the  higher  qualities  of  our  own  production,  and  that  when 
this  was  removed,  the  greater  demand  for  medium  qualities  has  given 
an  advantage  to  the  foreign  grower. 

Nor  has  the  removal  of  the  duty  led  to  an  extended  use  of  malt  for 
feeding  purposes,  which  was  one  of  the  main  objects  for  which  the 
repeal  was  strongly  advocated  by  farmers.  At  Kothamsted,  much 
careful  experiment  led  us  long  ago  to  the  conclusion  that  the  advocacy 
of  repeal  on  these  ^unds  was  illusory,  and  for  our  pains  we  have  been 
accused  of  not  bemg  the  farmers'  friends !  The  result  has,  however, 
fully  justified  the  view  we  took  on  the  point. 

Table  XII.  (p.  28)  shows  the  imports  of  barley  from  different  countries 
over  the  16  civil  years  to  1884  inclusive.  The  countries  are  arranged 
in  the  order  of  their  highest  average  supply  over  those  years.  It  will 
be  seen  that  both  in  average,  and  in  detail  in  recent  years,  Bussia  is 
the  most  important  source.  France  and  Germany  show  fairly  equal 
average  amounts,  but  Germany  has  sent  us  decidedly  the  most  in  recent 
years.  On  the  other  baud,  it  is  remarkable  how  very  large  was 
the  amount  sent  us  by  France  in  1872;   that  is  just  after  the  war. 
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Turkey  contributes  very  variable  quantities ;  as  also  does  Boumania, 
which  gives  an  average  of  nearly  one  and  a  half  million  quarters  in 
1882  and  1883,  and  little  more  than  one-third  of  a  million  in  1884. 
Denmark  supplies  more  than  Sweden ;  but  upon  the  whole  somewhat 
diminishing  amounts  in  recent  years.  The  United  States  send  com- 
paratively small,  and  upon  the  whole  diminishing  quantities  in  recent 
years ;  whilst  Egypt  and  Chili  send  on  the  average  less  still,  but  con- 
siderably increased  quantities  in  the  last  year  for  which  the  records  are 
given — 1884. 

Conclusion, 

I  have  now  illustrated  the  influence  of  exhaustion,  of  manures, 
and  of  variations  of  season,  on  the  amounts  of  produce,  and  on  the 
composition,  of  barley. 

It  has  been  seen  that  its  requirements  within  the  soi],  and  its 
susceptibility  to  the  external  influences  of  season,  are  very  similar  to 
those  of  its  near  ally,  wheat ;  but  that  there  are  distinctions  of  result, 
dependent  on  differences  in  the  habits  of  the  plants,  and  in  the 
conditions  of  their  cultivation  accordingly. 

Wheat  is  as  a  rule  sown  in  the  autumn,  in  a  heavier  and  closer  soil, 
and  has  four  or  five  months  in  which  to  distribute  its  roots  and  get 
possession  of  a  wide  range  of  soil  and  subsoil  before  barley  is  sown. 

Barley  is  sown  in  a  lighter  surface  soil,  and,  with  its  short  period 
for  root  development,  relies  in  a  much  greater  degree  on  the  stores 
within  the  surface  soil  Accordingly,  it  is  more  susceptible  to  exhaus- 
tion of  surface  soil  as  to  its  nitrogenous,  and  especially  as  to  its  mineral 
supplies ;  and  in  the  common  practice  of  agriculture  it  is  found  to  be 
moie  benefited  by  direct  mineral  manures,  especially  phosphatic 
manures,  than  is  wheat  when  sown  under  equal  soil  conditions. 

The  exhaustion  induced  by  both  crops  is,  however,  characteristically 
that  of  available  nitrogen ;  and  when,  under  the  ordinary  conditions  of 
manuring  and  cropping,  artificial  manuring  is  still  required,  nitrogenous 
manures  are  as  a  rule  requisite  for  both  crops,  and  for  the  spring-sown 
one,  barley,  superphosphate  also. 

It  has  been  seen,  that  under  the  influence  of  foreign  competition 
(and  possibly  in  part  due  to  the  greater  attention  paid  to  meat  and  milk 
production  in  later  years),  the  area  under  the  crop  has  been  reduced. 
But  there  is  no  doubt  that,  in  addition  to  the  soils  on  which  it  is  most 
appropriately  grown  in  the  ordinary  course  of  rotation,  barley  may  be 
grown,  both  in  full  quantity  per  acre,  and  of  good  quality,  in  succession 
to  wheat,  on  the  heavier  soils,  when  the  land  is  clean  enough  for  a 
second  com  crop. 
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ExTSAiT  des  AroliiTes  des  soienoes  physiqaes  et  natnrelles. 

Noyembre  1886,  troisidme  p6riode,  t.  XVI,  p.  4S1. 


REMARQTJES  SUR  U  REUTION 

QUI    BXJSTB 

ENTRE  LES  SOMMES  DE    TEMPERATURE 

ET  LA  PRODUCTION  AGRICOLE' 
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BI.  le  Prof.  J.-M.  GiELBEBT 

de  la  SooiiU  Boyale  de  LoDdrea  et  oorrespondant  de  llnititat. 


Lorsqueje  regus  nnvitation  de  prendre  part  kia  soixante- 
neuTi6me  session  annnelie  de  la  Soci6td  helvetique  des 
sciences  natorelles,  le  seul  motif  qui  aurait  pu  me  faire 
hSsiter  k  accepter  cette  proposition  6tait  la  crainte  que  mes 
nombreuses  occupations  ne  me  permissent  pas  de  preparer 
une  communication  digne  de  Thonneur  que  cette  Society 
me  faisait  en  m'invitant.  Cependant  il  me  vint  a  Tid^e  qn'il 
ne  serait  pas  mal  k  propos  de  profiter  de  I'occasion  pour 
contriboer^  en  quelque  chose,  k  la  discussion  d'un  sujet 
qui  a  d6jk  6X6  trait6,  arec  une  grande  lucidity  et  d'une 
mani6re  si  instructive,  par  un  savant  Suisse  que  je  m'ho- 


^  Ce  m^moire  a  M  la  par  I'autear  k  la  Section  de  botaniqae  de 
la  8oci6t^  helvetique  k  Geneve  en  aottt  1886,  et  nous  le  traduisoni 
ici  textu^llement,  a?ec  sou  aatoris^Ltion. 
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nore  de  voir  ici  en  la  personne  de  M.  Alphonse  de  Gan- 
dolie.  Le  sujet  auquel  je  fais  allusion  est  T^tude  des  don- 
D^es  m^teorologiques  dans  leurs  rapports  avec  Taccrois- 
sement  des  vggelaux. 

G'est  la,  sans  doute,  nne  question  fort  ^tendue,  mais 
je  dois,  en  I'abordant,  pr^venir  que  dans  les  observations 
sur  lesquelles  je  desire  fixer  I'attention  de  la  Soci6t6,  je 
me  bornerai  a  la  consideration  des  sommes  de  chaleur 
n^cessaires  a  Taccroissement  et  a  la  maturation  de  certai- 
nes  cultures,  sp^cialement  du  bl6. 

II  y  a  bien  des  ann6es  que  Boussingault  s'est  occupe 
de  ce  sujet.  11  essaya  alors  de  calculer  les  capacit^s  rela- 
tives de  diverses  contr^es  pour  la  production  des  c^r^ales. 
M.  de  Candolle  a  aussi  discut6,  d'une  mani^re  approfon- 
die,  rinfluence  de  plusieurs  elements  met^orologiques  sur 
la  croissance  des  plantes  et  abord^,  en  detail,  les  difiicul- 
t^s  que  Ton  rencontre  dans  Tapplication  des  donnas 
m^t^orologiques  a  I'^tude  des  ph^nomftnes  de  la  vie  v6g6- 
lale.  II  a,  en  m6me  temps,  indiqu6  les  meilleures  metho- 
des  d'observation  et  de  calcul  a  employer  dans  ce  genre 
de  recherches. 

A  propos  des  r^sultats  que  je  vais  exposer,  je  dois  rap- 
peler  que,  depuis  I'ann^e  1878,  le  bureau  m6t6orologique 
de  Londres,  sous  la  direction  de  M.  R.-H.  Scott,  fournit 
chaqne  semaine  un  bulletin  r6dige  sp6cialement  k  Tusage 
des  personnes  qui  s'occupent  d'agriculture  ou  de  ques- 
tions se  rapportant  a  la  salubrity  publique. 

Au  mois  de  d^cembre  1881,  le  bureau  publia  une  cir- 
culaire  demandant  aux  agriculteurs  quelles  statistiques 
m^t^orologiques  leur  seraient  les  plus  utiles  et  sous  quelle 
forme  il  conviendrait  de  les  leur  pr6senter.  En  reponse  k 
cet  appel  nous  formul&mes^  sir  J.-B.  Lawes  et  moi,  quel- 
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ques  propositions  et,  entre  autres,  celle  que  les  sommes 
de  temperature,  au-dessus  d'un  point  fixe  convenable- 
ment  choisi,  devraient  Stre  calcul^es  et  notees  en  diverses 
saisons  et  en  divers  lieux  afin  que  Ton  pilt  voir  jusqu'a 
quel  point  ces  donn^es  pourraient  ^tre  utilises  dans 
Tetude  de  la  relation  entre  la  lemp^rature  et  la  produc- 
tion agricole.  Nous  fimes,  de  plus,  remarquer  qu'il  ^tait 
necessaire  d'enregislrer  aussi  les  somraes  d'heures  d'inso- 
lation  et  de  pluie. 

Si  les  donn^es  relatives  h  la  temperature  etaux  heures 
d'insoiation  semblent  Sire  les  seuls  moyens  k  notre  por- 
tee  pour  appr^cier  refficacitS  des  rayons  solaires,  il  n'en 
est  pas  moins  probable  qu'il  serait  important  de  considS- 
rer  la  quality  aussi  bien  que  la  quantity  de  la  chaleur 
regue  par  les  plantes  surtout,  eu  6gard  aux  diverses  pSrio- 
des  de  I'ann^e. 

Nous  avions  d6ja,  nous-m6me,  tent6  pr^cSdemment 
d'evaluer  Teffet  de  la  temperature  sur  le  bie,  pendant 
quelques  annSes  d'experiences  r^gulieres  faites  sur  les 
cultures  de  Rothamsted.  Comme  nous  ne  disposions  alors 
que  des  moyennes  publiSes  tons  les  mois  a  Greenwich, 
nous  avions  pris  alternativement  le  I"  marset  le  1®'  avril 
de  cbaque  annSe  comme  marquant  le  debut  de  la  crois- 
sance  des  plantes  hors  de  terre  et  la  date  de  la  moisson  a 
Rothamsted  comme  marquant  la  fin  de  la  pdriode  de 
vegetation.  Nous  retranchions  ensuite  43**  F.  (soit  6*,H 
C.)  de  la  temperature  moyenne  du  mois ;  puis  en  multi- 
pliant  la  difference  ainsi  obtenue  par  le  nombre  de  jours 
de  vegetation  et  en  ajoutant  enfin  ces  produits  pour  toute 
la  periode  consideree,  nous  arrivions  k  un  chiffre  qui 
eiait  cense  representer  la  somme  des  degres  de  tempera- 
ture efficace. 

Nous  reconntkmes  cependant  que  les  moyennes  men- 


4    RELATION  ENTRE  LES  SOMMKS  DE  TEMPERATURE 

suelles  ^taient  tout  k  fait  insuffisantes  et  dous  nous  d^ci- 
dlmes,  en  coDs^queuce,  k  rassembler  les  rooyeuDes  quo- 
tidiennes  pour  un  grand  nombre  d'ann6es  afin  d'arriver 
k  des  Evaluations  plus  exactes. 

J'attirerai,  tout  k  I'beure,  I'attention  sur  les  r^sultats 
obtenus  en  se  servant  soit  de  la  temperature  moyenne  de 
chaque  jour,  soit  de  la  moyenne  mensuelle,  mais  je  dois 
auparavant  exposer  en  quelques  mots  les  principes  qui 
ont  conduit  k  des  Evaluations  plus  exactes  pour  ces  der- 
ni^res  annEes  ainsi  que  les  mEthodes  employees  dans  leur 
calcul. 

En  vue  de  fournir,  comme  nous  I'avions  suggErE,  Tin- 
dication  des  sommes  de  temperature,  le  g^nEral  Stra- 
chey«  president  du  bureau  mEtEorologique,  a  Etabli  une 
formule  donnant  la  vraie  valeur  de  la  moyenne  quoti- 
dienne,  dEduitedes  temp6ratures  not6es  d'heureen  heure, 
et  il  a  compare  les  rEsultats  ainsi  obtenus  kceux  de  I'ero- 
ploi  de  la  mEthode  ordinaire  qui  consiste  k  prendre  cha- 
que jour  la  moyenne  entre  ie  maximum  et  le  minimum 
de  temperature.  II  a  trouve  qu'il  n'y  avait  presque  point 
de  difierence  entre  ces  resullats  pour  Tbiver,  mais  un  peu 
plus  en  ete,  c'est-k-dire  pendant  la  saison  od  ils  Irouvent 
leur  principale  application  k  I'etude  de  la  vegetation.  Pour 
une  certaine  periode  de  I'annee  1881,  par  exemple, 
la  formule  du  general  Strachey  fixait  la  somme  des  tem- 
peratures k  1623*  F.  (soit  902'*  C),  tandis  qu'en  se 
servant  de  la  methode  ordinaire  on  obtenait  1664**  F. 
(924*  C).  L'ann6e  suivante,  la  formule  donna  1525*  F. 
(847*  C.)  contre  1573*  F.  (874*  C.)  chiffre  obtenu  par 
r&utre  methode. 

Depuis  I'annee  1884  le  bureau  meteorologique  publie, 
k  Tusage  des  agriculteurs,  les  sommes  de  temperatures 
quotidiennes  au-dessous  et  ao-dessus  de  42*  F.  pour 
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chaque  semaine,  aiusi  que  les  sommes  enregistr^es  depuis 
le  mois  de  Janvier.  Ajoutons  que  les  mSmes  sommes  out 
ete  calcul^es  r^trospectivement  jusqu'a  Tannde  1878 
inclusivement. 

Ce  sent  ces  documeDts  que  nous  avons  ensuite  utilises 
dans  nos  propres  recherches.  A  cet  effet,  nous  avons  cal- 
culi la  somme  des  degree  en  exc^s  au-dessus  de  42  "^  F.^ 
k  partir  de  certaines  dates  arbitraires  telles  que  le  1<^' jan-  ,    . 

vier^le  l"mars,  1®'  avril  et  jusqu'k  la  coupe  de  nos  blfe  JU/  I  ft^^ 
d'exp^rience  k  Rothamsted.  En  m6me  temps  nous  avons 
evalu6  les  sommes  k  partir  de  la  premiere  semaine  d'exc&s 
sensiblement  continu  et  aussi  a  partir  de  cbaque  renou- 
vellement  d'exc^s  succ6dantk  une  insuffisance  temporaire 
de  temperature. 

Le  tableau  ci-apr6s  donne,  en  degr^s  de  T^cbelle  cen- 
tigrade : 

l""  Pour  une  p6riode  de  27  anndes  (1852  a  1878;  le 
maximum  et  le  minimum  des  sommes  de  temperature 
au-dessus  de  S^'^SS.enregistr^s  \  Greenwich  et  calculees 
respeclivement  de^l®'  Wvrier,  1®'  mars,  1®'  avril  de  cha- 
que ann^e  jusqu'k  T^poque  des  r6coltes  du  ble  k  Rotham- 
sted, en  utilisant  seulement  les  moyennes  mensuelles. 

2°  Pour  une  p6riode  de  6  ans  (1871-1876),  le  maxi- 
mum, le  minimum  et  la  moyenne  au-dessus  de  5*^,55, 
depuis  les  mSmes  6poques  jusqu'k  la  moisson,  mais  en  cal- 
culant  d'apr^s  les  moyennes  quotidiennes  de  Greenwich. 

3^  Les  mfimes  ma,xima  et  minima,  ainsi  que  leurs 
moyennes,  de  1878  a  1885,  toujoursen  partant  des 
memes  dates,  et  enfin  les  exc^  de  temperature  des  mSmes 
^ques  initiates  jusqu'k  la  recolte,  estim^s  k  partir  du 
commencement  du  premier  exc6s  sensiblement  continu 
et  aussi  k  partir  de  chaque  renouvellement  d'exc6s  apr&s 
une  insufiBsance  temporaire ;  ces  calculs  6tanl,  d'ailleurg^ 
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bas^s  sur  les  tableaux  des  sommes  d'exces  hebdomadaires 
calculus  par  la  m^thode  du  g^Q6ral  Stral|phey  *  et  publies 
chaque  semaine  par  les  soins  da  bureau  meteorologique. 

Somme  des  exc^s  des  moyeanes  quotidieanes  au-dessus  de 
5,55  C.  (=42°  F,)  (\  partir  de  certaines  dates  fixes  ou 
depuis  le  commencement  de  la  croissance  hors  de  terre  jus- 
qu'A  la  Hcolte. 


Depuis 

le  I" 

Janvier 


Depuis 

le  1" 

Fdvrier 


Depuis 
le  1" 
Mars 


Depuis 
le  1" 
Avril 


Bepiiis 
I*  dfbat 
ta  eicli 
M4«atf- 

liirct 
cmUus 


lepob 
cfeaiM 
nlmr 


D'apr^s  la  moyenne  mensuelle  ^  Greenwich. 


Marim . . 


1213 

1213 

1213 

1213 

1036 

1025 

1025 

1004 

1124 

1121 

1113 

UOO 

D'aprds  les  moyennes  quotidiennes  de  Greenwich. 


Six  anuses  ^'^'^" 


1269 

1255 

1212 

1179 

114\  1120 

1103 

1042 

1216 

1190 

1166 

1116 

D'apr^s  les  Evaluations  d'exc^s  quotidiens  calcalEs  par  le 

bureau  meteorologique  ^ 


1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 


Maximum. 
Minimum . 
Moyenne.. 


1111 

1083 

1036 

1106 

1106 

1090 

1108 

1098 

1055 

1109 
1121 

1008 
1093 

1002 
lail 

994 

968 

925 

1026 

976 

937 

986 

973 

930 
1090 

1121 

1106 

986 

968 

925 

1058 

1038 

1003 

982 
104^ 
969 
944 
946 
904 
867 
889 

lais 

867 
943 


nil 

1106 
1098 
1008 
1126 

984 
1026 

986 

H^ 

984 

1056 


1083 

1089 

1098 

1002 

1092 

914 

937 

942 

1098 

914 

1020 


^  Moyenne  pour  les  oomt6s  de  Test  et  dn  centre  de  I'Angleterre. 


^  Dans  la  conference  de  m^teorologie  &  PExposition  intematio- 
nale  d'hygi^ne  tenue  &  Londres  en  1884,  M.  R.-H.  Scott,  F.  R.  S.^ 
a  lu  un  travail  sur  les  sommes  de  temperature.  Au  coura  de  la  dis- 
cussion qui  s'en  est  suivie,  le  general  Strachey  a  expose  en  detail 
sa  methode  de  calcul,  et  le  D'  Gilbert,  qui  presidait  Ja  seance,  a 
aussi  emis  son  avis  sur  le  sujet. 
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1®  Nous  remarquons  en  premier  lieu,  qu'en  prenant 
les  rfeullals  inoyens  pour  27  ann^es,  d'apres  les  moyeo- 
nes  mensuelles  seulement,  la  difference  entre  les  sommes 
est  tres  petite,  que  nous  les  calculions  k  partir  da  1^^  Jan- 
vier, du  1"  fevrier,  du  1«^  mars  ou  du  '!•'  avril. 

Ed  effet,  la  somme  moyenne  des  degr^s  d'exc^s  quoti- 
diens,  au-dessus  de  5,55,  jusqu'k  la  date  de  la  r^colte  est 
de  H24*  h  partir  du  1*' Janvier,  de  1121*  a  partir  du 
!**•  f6vrier,  de  HIS"*  a  partir  du  1^'mars  et  enfin  de 
1100*"  a  partir  du  1^*"  avril.  II  est  6vident  que  la  seule  ex- 
plication de  cette  uniformity,  dans  notre  locality  et  sous 
notre  climat,  est  qu'il  y  a  pen  d'exc6s  de  temperature,  au- 
dessus  de  5,55**,  avant  le  l*""  avril.  Or  les  tableaux  m6t6o- 
rologiques  roontrent  prScis^ment  que  dans  presque  aucune 
des  27  ann^es  il  n'y  a  eu  d'exc^s  dans  le  mois  de  mars, 
encore  moins  en  f^vrier  et  seulement  dans  deux  ann6es 
un  exces  quelconque  en  Janvier. 

2^  Dans  les  6  ann6es,  calculees  d'aprte  les  moyennes 
quotidiennes  de  Greenwich,  les  differences  sont  plus  gran- 
des.  Ainsi  les  sommes  des  degr^s  d'exces  quotidiens  sont 
de  1216*  depuisle  1  "^  Janvier  jusqu'a  la  r6colte,  del  190* 
depuis  le  1"  Kvrier,  de  1166*  depuis  le  1®'  mars  et  en- 
6n  de  1116*  depuis  le  1«^  avril. 

3^  Si  maintenant  nous  envisageons  les  resultats  obte- 
nus  par  la  methode  plus  exacte,  mais  pour  huit  ann6es 
seulement,  nous  constatons  a  la  fois  et  des  chiffres  plus 
faibles  et  de  plus  grandes  differences  selon  la  date  adoptee 
comme  point  de  depart.  Les  moyennes  pour  les  quatre 
p^riodes  6tant  1058,  1038,  1003  et  943.  Mais,  en  sus 
des  Evaluations  calcul6es  depuis  des  dates  arbitraires,  nous 
avons  aussi,  dans  cette  s6rie,  les  sommes  qu'on  obtient 
en  partant,  chaque  annto,  du  commencement  d'un  exces 
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sensiblemeut  continu  d'une  semaioe  a  Tautre^  ainsi  que 
celles  calcul6es  cbaque  semaine,  depuis  le  retour  d'un  ei* 
c^s  continu  apr6s  une  p6riode  d'insuffisance. 

Les  moyennes  valeurs  pendant  ces  8  ann^es,  pour  ces 
deux  periodes,  sont  1056"*  et  1020"  qui  se  rapprochent 
davantage  de  celles  obtenues  pour  les  pdriodes  s'etendant 
du  i'""  Janvier  ou  \^'  f^vrier  jusqu'a  la  r6colte  que  de  cel- 
les calcul6es  depuis  le  i®'  mars  ou  le  I®'  avril. 

Ainsi,  depuis  la  lev^  des  graines  jusqu'a  la  r6colte, 
nous  constatons  un  exc6s  de  la  moyenne  quotidienne  au- 
dessus  de  5,55**,  d'i  peu  prte  1120**  pendant  les  vingt- 
sept  annees,  da  peu  pres  1200*"  pendant  les  six  annees  et 
enfin  d'environ  1060**  pendant  la  p^riode  de  huit  annees. 

On  sait  que  Boussingault  a  6valu6  ces  sommes  pour  le 
bl6  d'hiver  dans  quatre  et  pour  le  h\6  de  printemps  dans 
six  conlr^s,  tres  ^loign^es  les  imes  des  autres  et  prSsen-^ 
tant  enlre  elles  de  grandes  differences  tant  sous  le  rapport 
de  la  dur^e  de  croissance  des  plantes  que  sous  celui  de  la 
temperature  moyenne.  En  outre,  il  tenait  compte  de  tous 
les  degres  au-dessus  de  0**.  Si,  apres  avoir  r6duit  ses 
r^sultals  de  mani^re  qu'ils  ne  correspondent  plus  qu'aux 
sommes  des  exc6s  au-dessus  de  5,55"*,  nous  en  retran-* 
chons  ensuite  le  produit  de  cette  temperature  initiate  par 
le  nombre  de  jours  indique,  nous  obtenons  pour  le  bie 
dhiver  le  chiffre  1316**  et  1528**  pour  celui  de  prin- 
temps. Par  consequent,  il  est  clair  que  les  valeurs  de 
Boussingault  sont  plus  grandes  que  les  ndtres. 

Mais  si  nous  nous  rappelons  que  ses  calculs  sont  bases 
seulement  sur  des  evaluations  generates  de  durees  moyen-^ 
nes  de  croissance  pour  differents  pays  en  prenant  comme 
point  de  depart  pour  le  bie  d'biver  la  cessation  delageiee, 
et  pour  le  bie  de  printetnps  le  temps  ecouie  entre  les  se- 
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mailles  et  la  recolte,  et  enfin  si  nous  rSfl^chissous  qu'il 
adoptait  une  temperature  moyenne  pour  toute  la  dur6e  de 
la  croissauce,  Texactitude  de  ses  r^sultats  parattra  plus 
remarquable  que  leurs  differences  d'avec  les  ndtres. 

Herv6-Mangon,  qui  eiperimentait  au  nord-est  de  la 
France,  a  Iroure  une  moyenne  de  1924*  pour,  le  bl6, 
pendant  une  pSriode  de  huit  ann6es,  en  calculant  depuis 
le  1^'  mars  jusqu'k  la  rdcolte.  II  ne  tenait  pas  compte  des 
temperatures  au-dessus  de  6"",  quand  la  moyenne  n'attei- 
gnait  pas  cette  temperature,  mais  quand  elle  Tatteignait, 
il  notait  tons  les  degres.  Si  nous  reduisons  ces  cbiffres 
comme  nous  I'aTons  fait  tout  al'heurepour  ceux  deBous- 
singault,  de  maniere  a  ne  tenir  compte  que  des  degres 
superieurs  k  5,55*,  sa  moyenne  sera  de  1030*,  beau- 
coup  plus  rapprochee,  par  consequent,  de  la  ndtre  que  de 
celle  de  Boussingault. 

M.  E.  Risler  a  fait  aussi  des  observations  de  ce  genre 
pendant  dix  annees,  dans  sa  propriete  situee  aux  envi- 
rons de  Nyon  en  Suisse.  La  moyenne  de  ses  resultats  est 
de  2134*, des  semailles  jusqu'ala  recolte,  en  enregistrant 
tous  les  degres  superieurs  k  0*,  lorsque  la  moyenne  de 
temperature  depassait  6*.  Si  nous  defalquons  de  cette 
somme  le  produit  de  5,55*  par  165  jours  de  duree 
moyenne  de  croissance,  nous  obtenons  1218%  valeur  que 
nous  pouvons  comparer  k  celles  de  Boussingault  et  de 
Herve-Mangon,  citees  plus  baut. 

Jusqu'ici  nous  ne  nons  sommes  occupe  que  du  bie, 
mais  Boussingault  ainsi  qu*Herve-Mangon  ont  fait  des 
experiences  sur  Torge  et  Boussingault  a  aussi  experi- 
mente  sur  le  mais  et  quelques  autres  cultures.  Pour  I'orge 
semee  au  printemps,  en  prenant  la  moyenne  d'experien^ 
ces  faites  dans  quatre  localites  eioignees  les  unes  des  au- 
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tres«  des  semailles  k  la  moisson.  Boussingault  obtient  une 
somme  de  1772**  au-dessus  de  0%  soil  de  1114**  aa- 
dessus  de  5,55**. 

Pour  Torge  sem6e  en  hiver,  en  calculant  depuis  la  ces- 
sation de  la  gel6e,  la  moyenne  de  ses  trois  ^Taluations 
est  de  1798**  au-dessus  de  C,  soil  de  1152*"  au-dessus 
de  5,55^ 

La  moyenne  des  Evaluations  d'HervE-Mangon  pour  six 
annexes  consEcutives  (1871-1878)  d'experiences  faites  sur 
Forge,  est  de  1810**  au-dessus  de  0**,  1105**  au-dessus 
de  5,55**.  Nous  voyons,  d'aprfes  ces  chiffres,  que  les  Eva- 
luations de  Boussingault  et  d'HervE-Mangon  se  ressem- 
blent  beaucoup  en  ce  qui  concerne  Torge  et  que,  relative- 
ment  au  blE,  elles  se  rapprochent  fort  de  nos  propres 
rEsuItats. 

Le  mais,  c'est  un  fait  bien  connu,  exige  une  tempera- 
ture plus  ElevEe  et  surtout  une  plus  longue  durEe  de  cette 
temperature  que  le  blE.  Or  les  moyennes  des  Evaluations 
de  Boussingault  relatives  k  sept  localitEs  distantes,  don- 
nent  pour  cette  plante,  une  somme  de  2701*"  au-dessus 
de  0**,  c'est-k-dire  de  1953**  au-dessus  de  5,55**,  somme 
beaucoup  plus  ElevEe  qu'aucune  de  celles  obtenues  pour 
le  blE  et  Torge. 

Les  diffErents  rEsultats  obtenus  pour  le  blE  ne  permet- 
tent  pas  de  douter  qu'il  n'y  ait  un  grand  fond  de  vEritE  a 
conclure  qu'il  rEgne  une  uniformitE  approximative  dans 
les  sommes  de  chaleur  nEcessaires  pour  amener  les  plan- 
tes  de  leurs  premiers  dEbuts  de  vEgEtation  k  leur  matura- 
tion finale. 

II  semblerait  aussi,  d'aprEs  cela,  que  les  sommes  totales 
indispensables  k  Torge  sont  presque  les  mEmes  que  celles 
qu'exige  le  blE,  tandis  que  celles  nEcessaires  au  mais  sont 
beaucoup  plus  ElevEes  que  pour  Torge  et  le  blE. 


ET   LA   PRODUCTION   AGRICOLB. 


11 


Mais  tandis  que  les  moyennes  oblenues  pour  le  bl^  cul- 
tive  sous  des  conditions  si  diverses,  sont  generalement 
concordanies,  ii  n'est  nullement  certain  que  la  tempera- 
ture de  5,55 "^  doive  6tre  adoptee  comme  origine,  ainsi 
que  nous  Tavons  fait  dans  nos  calculs  bas^s  sur  les  ^ va- 
luations des  sommes  de  temperature  au-dessusdece  point, 
d'apr^s  les  donnees  du  bureau  m^t^orologique. 

On  pent  aussi  se  demander  si  dans  le  cas  od  ces  don- 
B^es  indiquent  des  temperatures  plus  eiev^es  que  Torigine 
adoptee,  il  serait  preferable  d'englober  dans  les  r^ommes 
seulement  tons  les  degres  au-dessus  de  ce  point  initial, 
ou  s'il  convient  d'y  faire  rentrer  tous  ceux  qui  surpassent 

A  la  yerite,  les  resultats  obtenus  fournissent  plutdt  des 
materiaux  d'etude  qu'une  solution  complete  de  la  ques- 
tion du  degre  a  adopter  comme  temperature  initiale. 

D'apres  Boussingault  la  temperature  lopluj  bajJU'k  la- 
quelle  les  diverses  plantes  puissent  vegeter,  varie  de  S""  ou 
i""  k  W  ou  6\\  et  Ton  doit  k  M.  de  Candolle  des  ta- 
bleaux demontrant  les  grandes  differences  qui  existent 
entre  les  sommes  necessaires  a  Taccroissement  selon  que 
Ton  part  de  1**,  2**,  3**,  etc., comme  temperature  initiale. 
En  fait,  il  parait  probable  que  le  bie,  ainsi  que  Torge, 
vegetent  au-dessous  de  Torigine  adoptee  dans  nos  calculs 
soit  au-dessous  de  +  5,55**. 

Nous  ne  nous  sommes  occupe  encore  que  des  resultats 
rooyens  indiques  dans  noire  tableau.  Mais  les  cbiffres  qu'il 
contient  nous  montrent  aussi  qu'il  y  a  une  grande  diffe- 
rence entre  les  sommes  maxima  et  minima  obtenues  en 
differentes  saisons. 

Cette  difference  pent  resulter  en  parlie  de  ce  que  nous 
n'avons  pas  adopte  pour  le  debut  et  I'arret  de  vegetation 
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des  plantes^  des  p^riodes  ^galement  applicables  aux  diver- 
ses  saisons.  Une  autre  cause  reside  peut-6tre  dans  Tex- 
clusioD  que  nous  avons  faite  de  tous  les  degr^s  au-dessous 
de  5,55**.  Mais  une  portion  de  cetle  difference  est  certai- 
nement  due  a  ce  que  le  mSme  exc^s  moyen  au-dessus 
d'une  origine  fixe  quelconque  pent  rdsulter  de  tempera- 
tures maxima  et  minima  tr6s  differentes;  les  minima 
arrStant  la  croissance  des  plantes  dans  quelques  cas,  mais 
pas  dans  d'autres  et  les  maxima  pouvant  Sire  supSrieurs 
a  la  temperature  la  plus  efficace. 

En  outre,  une  mSme  temp6rature  doit  produire  des 
r6sultats  fort  divers  et  donner  lieu  k  des  effets  d'assimila- 
tion  tres  diff^rents,  sur  une  m6me  surface  et  en  uu  temps 
donn^,  selon  les  phases  de  la  croissance  et  T^tendue  de  la 
suiTace  assimilatrice  des  plantes  que  Ton  ^tudie.  Enfin 
Thumidite  ambiante  doit  aussi  influencer  les  r^sultats. 

On  doit  done  s'attendre  a  ce  qu'il  se  produise,  d'une 
annee  a  Tautre,  quelques  variations  dans  les  sommes  de 
temperature  et  les  cbiffres  de  chaque  ann^e  demandent 
eux-mSmes  a  6tre  compares  avec  les  conditions  relatives 
aux  saisons  envisag^es  sous  d'autres  rapports,  ainsi  qu'a- 
vec  eel  les  inhSrentes  aux  plantes. 

II  est  manifeste  que  des  saisons  differentes  diffSreront 
presque  indefiniment  aux  diverses  phases  successives  de 
leur  dur^e  et  qu'k  chacune  de  ces  variations  climat^riques 
en  correspondra  une  autre  dans  le  developpement  de  la 
plante  elle-mSme,  selon  qu'il  tendra  k  une  exuberance  de 
vegetation  ou  k  la  maturation. 

C'est  pourquoi  un  systeme  de  statistiques  detailiees 
faites  concurremment  avec  de  soigneuses  observations 
agricoles  repetees  periodiquement  en  grande  culture,  peut 
seul  donner  une  idee  vraiment  claire  du  rapport  entre  les 


ET   LA   PRODUCTION   AGRICOLE.  13 

caract6res  incessamment  variables  des  saisons  et  les  carac- 
t^res  ggalement  changeants  de  la  croissance  des  plantes  et 
de  la  production. 

C*esten  eiFet  la  distribution  des  difT^rents  facteurs 
dont  la  saison  se  compose,  leurs  adaptations  mutuelles 
et  leur  adaptation  a  T^tat  de  d^veloppement,  qni  influent 
sur  les  tendances  et  les  resultats  de  la  croissance  de  la 
plante.  II  arrive,  en  outre,  parfois  que  des  conditions  acci- 
dentelles^  non  indiqu^es  par  les  tables  metSorologiques, 
influent  sur  la  rf^colte  d'une  mani^re  trfes  remarqnable. 

La  cause  de  celte  influence  passera  inaper^ue  k  moins 
que  Ton  ne  fasse  des  observations  soigneuses  et  si  Ton 
ne  tient  compte  des  phases  et  des  tendances  de  la  crois- 
sance de  la  r^colte  elle-m^me. 

A  ce  sujet  il  sera  utile  de  comparer  I'influence  de  la 
dur6e  d'insolation  k  celle  des  sommes  de  temperature,  sur 
les  progrds  et  Tintensitd  de  la  croissance  v^g^tale. 

Dans  notre  pays  et  sous  noire  climat,  qui  ne  sont  pas 
caracterisds  par  Tabondance  de  jours  de  soleil,  la  p^riode 
f  de  Tann^e  prdsentant  le  plus  grand  nombre  de  jours 

d'insolation  pr6c6de  de  beancoup  celle  qui  ofTre  la  plus 
haute  moyenne  de  temperature  et  pendant  laquelle  a  lieu 
la  plus  grande  accumulation  de  carbone  sur  une  surface  /  /    i 

donnee/Cette  accumulation,  en  efl^et,  s'effectue  surtout  iw  tVtMM 
pendant  la  p6riode  de  la  plus  haute  moyenne  de  tempe- 
rature. Ainsi,  d'apr^s  les  donn^es  du  bureau  meteorolo- 
gique  pour  les  six  derni^res  ann^es  (1880-1885),  la 
semaine  prdsentant  le  plus  grand  nombre  de  jours  d'in- 
solation, dans  les  deui  districts  confinant  k  Rothamsted,        .         t 
tombe  six  fois  en  roaj^et  trois  fois  en  juillet ;  landis  (\\x^ /t^^  7^^  ^ 
dans  les  deux  mfimes  districts  la  semaine  de  la  plus  haute  ^^^^, 
iDoyenne  de  temperature  se  trouve  six  fois  en  juillet,  qua- 
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tre  fois  en  aout  et  deux  fois  au  commeDcement  de  sep- 
teinbre.  Gela  revient  a  dire  que  la  p^riode  de  Tann^e  qui 
coniient  le  plus  grand  nombre  de  jours  d'insolation  a 
lieu,  en  g^n^ral,  longlemps  avant  ie  jour  le  plus  long  de 
Tannte  ou,  en  d'aulres  termes,  avant  Tepoque  qui  pour- 
rait  ofTrir  la  plus  grande  dur^e  possible  d'insolation,  tan- 
dis  que  la  periode  de  la  plus  haute  temperature  a  ordinai* 
rement  lieu  plusieurs  semaines  plus  tard. 

A  propos  de  ces  p6riodes  il  est  int^ressant  de  remar- 
quer  que,  dans  des  ej^p^riences  faites  il  y  a  quelques 
ann^s  a  Rotbamsted,  on  trouva  que,  pour  une  r^colte  de 
h\i,  la  quantity  de  carbone  avait  plus  que  double  en  cinq 
semaines  depuis  le  21  juin  ;  c'est-a-dire  que  la  plus  forte 
accumulation  de  carbone,  pour  une  superficie  donnde, 
avait  lieu  apres  la  periode  de  la  plus  longue  dur^e  d'in- 
solation  et  se  produisait  aux  approcbes  de  la  periode  de 
la  plus  haute  temperature. 

Ce  qui  precede  est  tout  a  fait  conforme  aux  opinions 
en  cours  concernant  les  rayons  qui  sont  les  plus  efficaces 
pour  Tassimilation  du  carbone  par  les  plantes.  Mais  i! 
faut  pourtant  se  rappeler  que  la  periode  de  plus  rapide 
accumulation  de  carbone  par  le  ble  coincide  aussi  avec 
celle  du  plus  rapide  accroissement  quotidien  de  sa  sur- 
face verte ;  de  sorte  qu'il  existe  k  ce  moment  des  condi- 
tions favorables  k  I'accumulation,  inh^rentes  k  la  plante 
elle-mSme. 

D'apr6s  les  r6sultats  que  nous  venons  de  faire  con- 
naitre,  il  devient  Evident  que  s'il  ne  pent  y  avoir  aucun 
doute  que  des  plantes  difMrentes  exigent  des  sommes  de 
temperatures  differentes  pour  atteindre  leur  complet 
developpement,  il  n'en  existe  pas  moins  une  uniformity 
generale  quant  a  la  somme  relative  k  une  mSme  espdce 
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cultiv6e  SOUS  des  conditions  Ires  diverses  de  variation  et 
de  dur^e  de  la  temperature.  Mais  il  est  tout  aussi  Evident 
que  des  observations  beaucoup  plus  minutieuses  que 
celles  faites  jusqu'Ji  ce  jour,  sont  necessaires  pour  arriver 
a  une  appreciation  exacte  des  besoins  d'esp6ces  A'\S6- 
rentes. 

A  la  v^rit^^  dans  le  cas  du  bl6,  nous  manquons  encore 
d 'observations  suffisantes  pour  trancher  la  question  du 
zero  ou  temperature  initiale  quMI  convient  d'adopter.  II  y 
aurait  mSme  a  discuter  la  phase  de  son  d^veloppement 
qui  correspond  a  la  terminaison  de  son  assimilation  ou  a 
sa  maturity.  II  est,  loutefois,  manifeste  que  les  r^sultats 
obtenus  par  divers  observaleurs  en  diverses  contrees  et 
avec  differentes  espfeces  sufBsent  a  indiquer  les  limiles 
des  aires  dans  lesquelles  certain^  r^coltes  peuvent  ou  ne 
peuvent  pas  Sire  avantageusement  cultiv^es. 

Ce  n'est  neaninoins  pas  la  mSme  chose  d'obtenir  des 
donn^es  suffisamment  exactes  pour  la  discussion  des 
questions  de  ce  genre  que  d 'arriver  k  discerner  entre  une 
saison  et  une  autre  relativement  k  une  mdme  localite  ou 
entre  difterentes  localites  du  mSme  pays,  quant  k  leur 
adaptation  plus  ou  moins  satisfaisante  k  la  maturation 
plus  ou  moins  pr^coce  de  chaque  rScoIte.  Sous  ce  der- 
nier point  de  vue  je  ferai  observer  que,  d'apr^s  les  calculs 
bases  sur  les  tables  de  sommes  de  temperature  publi^es 
par  le  bureau  meteorologique>  il  y  a  pour  une  p^riode  de 
buit  annees  un  moyen  ecart  de  33  jours  entre  les  epo- 
ques  auxquelles  la  somme  considerde  comme  nScessaire 
k  la  maturation  du  bie  dans  notre  locality  est  atteinte 
dans  le  plus  precoce  et  dans  le  plus  tardif  des  cinq  dis- 
tricts classes  comme  favorables  k  cetle  culture.  D'autre 
part,  dans  cinq  districts  classes  comme  favorables  au 
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fourrage,  la  mSme  somme  serait  atteinte  k  des  ^poques 
r^parties  sur  une  dar^e  de  24  jours  seulement.  Le  plus 
retard^  de  ces  districts  no  le  serait  d'ailleurs  pas,  en 
moyenne,  davantage  que  le  plus  tardif  des  districts  k  hlL 
En  fait,  dans  les  districts  fourragers,  c'est  la  grande 
quantity  de  pluie  plutdt  que  le  manque  de  chaleur  qui 
decide  du  resultaL 

Nous  trouvons  done  dans  cet  eiemple  de  I'apptication 
pratique  des  sommes  de  temperature,  une  preuve  directe 
de  Tinfluence  modificatrice  exerc^e  par  d'autres  facteurs 
m^teorologiques.  II  en  ressort  la  n^cessite  d'avoir  recours 
k  une  observation  soigneuse  et  d6taill6e  de  tons  ces  fac- 
teurs et  de  leur  adaptation  an  caractire  ainsi  qu'k  la  phase 
de  d^veloppement  de  la  plante  eile-mfime. 
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BE  SUBJOINED  TABLE  ghea  pwtianlan  of  the  home 
piodnos,  imports,  tNmmmptioii,  and  piioe  of  wheat,  in  the 
tai  Kingdom,  for  thirty-fonr  h&rTSBt  jetzt,  1852-3  to  188S-S 
imva.  The  table,  in  foot,  brin^  np  to  date  leoords  on  the 
ta  in  qnestion  which  we  gave  in  ISSS  np  to  that  date, 
la  JoQzmd  of  the  SotbI  AgrioiiitaTal  Sooiet;  of  EngUad,  and 
830  np  to  that  date,  both  in  the  Jonmal  of  the  Statiatioal 
el7  and  in  that  of  the  AgriimltiiTal  Jouinal  above  lef  aired  to. 
■•  ii  obvions  that  the  main  elementa  ottheqaeationaie — the 
■  ooder  wheat,  the  atcmge  field  per  aere,  the  imtiorta,  the 
ilatioD,  and  the  average  oonnimption  per  head  par  aimnm. 
[>  far  M  the  area,  theimportB,(HidthepopDlaticinaMoono*med, 
of  oonne  rely  on  official  Mtnmai  iMtsh,  eapooiatlf  in  the 
tei  of  the  area  nndei  the  mop,  liave  been  very  mnoh  mora 
tworth;  in  the  latw  than  in  the  earlier  yean  of  out  estimatea. 
■onroei  and  the  ehaiaater  of  the  data  available  m  all  tlie 
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points  have,  however,  been  diacnsaed  in  the  yaiions  papers  above 
alluded  to,  in  more  detail  in  the  first,  and  in  the  later  ones  so  far 
as  was  necessary  for  confirmation  or  amendment. 

The  results  for  which  we  have  had  to  rely  mainly  on  our  own 
judgment,  and  for  which  therefore  we  are,  more  than  for  the  rest, 
ourselves  responsible,  are  the  estimates  of  the  average  yield  of 
wheat  per  acre  in  the  United  Slingdom  each  year,  and  of  the 
average  consumption  per  head  per  annum  of  the  population. 
Naturally,  too,  it  is  just  these  points  of  estimate  rather  than  of 
record  which  have  the  most  frequently  been  called  in  question.  It 
would  be  impossible  to  give  an  adequate  explanation  or  vindication 
of  our  modes  of  estimate  within  the  limits  of  a  few  short  para- 
graphs. For  this  we  must  refer  .to  our  original  papers  above 
quoted;  but  a  few  observations  may  aid  a  judgment  on  the 
subject. 

In  1863,  and  each  year  since,  there  has  been  published  soon 
after  harvest,  in  The  Timeg  and  other  journals,  an  estimate  of  the 
average  yield  of  wheat  per  acre  in  the  United  Kingdom.  This 
estimate  is  founded  on  the  yield  of  certain  plots  in  the  experi- 
mental field  at  Bothamsted,  in  which  wheat  has  now  been  grown 
every  year  from  1844  inclusive,  up  to  the  present  time.  In  our 
paper  in  1868,  the  estimates  are  carried  back  to  1852,  and  they 
are  given  for  seventeen  years,  1852  to  1868  inclusive.  The  method 
of  obtaining  them  is  also  fully  described  and  discussed.  The 
mean  of  the  produce  of  certain  very  differently  manured  plots  is 
taken,  and  the  resulting  figure  is  frequently  adopted  without 
modification,  but  sometimes  with  more  or  less  of  modification, 
according  to  the  peculiarities  of  the  season ;  that  is,  whether  it  is 
more  favourable  for  the  poorer  or  the  more  f ertUe,  the  drier  or  the 
wetter  districts,  and  so  on. 

The  estimates  of  average  yield  per  acre  recorded  in  the  second 
column  of  the  table  are  those  which  have  been  arrived  at  as  above 
described,  and  it  is  these  which  have  from  time  to  time  been  called 
in  question.  It  is  not  proposed  to  discuss  the  correctness  of  the 
estimates  for  individual  years.    It  is  obvious,  however,  that  upon 
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tbeir  ^enetsl  oonrcotnen  depends  the  ootreetaieu  of  tlie  e 
of  the  groM  homB  produoe,  and  of  Uie  ainoimt  BTaitkble  for  i 
aomplion  fnim  th&t  aonroe,  whilst  it  in  this  ftnunuit,  ulded  to 
net  importa,  that  showa  the  aotnal  ooniiunption  OTer  Mria 
yean.  It  will  bs  well,  therefore,  to  oooBider  how  fu  the  ei 
of  kTan^s  jiald  per  aore,  ani  thoM  of  etmmnipldoQ  per  head  of 
ilation,  mntiullf  oonflim  one  utother. 
I  aimnil  letters  published  soon  after  harrest,  the  plan  has 
estimate  (1)  the  average  yield  per  acre  orer  the  United 
n )  (2)  the  oonmmption  per  head,  and  from  it  the  total 
lent  for  the  snooeeding  harreet-jeai ;  (3)  the  amonnt 
.  aooOTdingl.T  from  stooks  and  imports. 
t  is  obriona  that  any  material  arror  in  the  estiiData  of  the 
yield  per  aore,  from  which  is  reckoned  the  amonnt  avail- 
oonnunption  from  home  prodaoe,  must  inSnenoa  the  eati- 
'  the  requirement  from  imports,  Ao. ;  and  as  the  imports 
wards  aocnrately  known,  suoh  error  moat  manifest  iteetf 
le  resnlts  are  considered  for  a  snffleient  eeriea  of  years  to 
B  the  disturbing  inflneoOfl  of  stocks  on  hand-  Then  again, 
unoonts  estimated  to  be  arailable  from  home  prodnoe, 
>  those  imported,  give  tlie  total  oonsomption,  the  reaolts 
d  at  mnst,  over  a  series  of  ysaia,  afford  a  very  elfeotiTa 
if  the  estimatas  of  avetage  oonsnmption  per  head  of  the 
OB,  npon  whiofa  the  estimate  of  the  reqniremeot  from 
nd  imports  is  annually  based.  This  sabjeot  was  fnlly 
sd  in  oor  1880  papen,  and  we  most  refer  to  them  tor 
bnt  it  ma;  be  well  to  give  some  illnstrations  on  the 

enoing  with  the  harvest-year  1952-3,  we  estimated  the 
oonnunption  per  head  per  annnm  at  S'l  bnshsls  over  the 
ht  years,  and  S'S  bnshela  aaoh  year  afterwards,  imtil,  in 
I  reoonsidered  the  subject.  We  Uien  oaloolated  the 
home  prodnoe  p«r  acre  from  the  total  oonsnmption 
[  to  the  above  estimates  of  oonsnmptiDn  per  head, 
g  from  this  the  imports,  adding  2}  bushels  per  acre  for 
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■eed,  and  dlTiding  by  the  number  of  aoree ;  and  we  oompaved  the 
eatixnaies  of  home  piodnoe  per  aore  00  amTed  at  with  thoae  given 
eaoh  year  aoon  after  hanreat.    The  following  waa  the  reenlt: 


AyaaAiSB  Pboducs  pbb  Aorb. 

Perioda  for  wbidh 
Averiges  are  Galoolated. 

Aooordingto 

Ckmsmimtum 

ana 

Imports. 

Aooordingto 

aTiTmaliy 

adopted 

Estimates. 

AanTial 
Estimates 

+  or- 
Oalonlated. 

8  years,  18SBJV 

Bushels. 

Bushels. 
88 

Bushels. 
-01 

8  yeanl  1800^ 

o" 

8  Tears.  1868-75 

in 

8  yesrs.  1876-78 

97  years.  1858-78  

871 

27« 

+  0k 

It  will  be  aeen  that  oyer  the  two  later  perioda,  inolnding  eleven 
yeara,  the  estimates  annually  published  aoon  after  hanreat  are 
higher  than  thoae  founded  on  the  eetimated  oonaomption  and  tibe 
aotnal  importa.  It  ia  obyiona  that  either  the  annual  eetimatea  are 
too  high,  or  the  estimatee  of  total  oonaomption  over  thoae  two 
perioda  are  too  low.  On  full  oonaidezation  of  the  detaila,  we  eon- 
eluded  that  the  estimateB  of  the  total  oonsumption — that  ia,  the 
amount  oonaumed  as  human  food,  together  with  that  oonanmed  by 
atook — ^were  more  probably  too  low  than  that  the  eetimatea  of 
produce  per  aore  were  too  high.  Conaidezing,  too,  not  only  the 
great  difKoulty  of  forming  anything  like  a  trustworthy  estimate  of 
the  amount  oonsumed  other  than  ae  human  food,  but  alao  the  fact 
that  it  beara,  at  any  rate  on  the  average,  a  very  small  proportion 
to  that  so  oonsumed,  we  decided  that  there  was  probably  less  error 
in  fixing  the  estimate  of  oonsnmption  per  head  so  as  to  indude  the 
very  small  average  consumption  in  other  ways,  than  in  attempting 
to  estimate  the  consumption  by  stock,  Ac.,  separately.  We 
aooordingly  adopted  the  rate  of  consumption  as  follows :  First  eight 
years,  5*1  bushels  per  head ;  second  eight  years,  5*5  bushels ;  third 
eight  years,  5*6  bushels ;  fourth  eight  years,  and  since,  5'05  bushala. 
Adopting  these  eetimatea  of  total  consumption,  but  expressed  in 


qauititiM    oonanned  p«r  haail  of  ths    popaUtion,  the  kTsngs 
piodnae  per  kore  ovar  the  wiTaisl  pmiaSt  wonld  b«  : 


Parlod*  lOr  vhloh  Anngm  an 


ud  Import*. 


JTtainu 

MtoUBM  .. 


»( 


we  adopt  the  rate  of  oonauniption  orar 
given  above,  the  estintatea  of  avenge  yield  pei  aOT*, 
m  the  one  hand  sooordmg  to  oonmmptioii  aad  importa, 
other  aa  giTen  «aab  y«kr  kmiii  after  harreat,  agrae  TVrj 
each  period  of  eight  yeara,  and  they  are  identieal  fot 
>eriod  of  Uiirty-two  yaafs ;  the  reanlt  bung  for  the 
od,  aooordiiig  to   both  methodB,  27^  bnahekl  per  aore 


tiat  they  were  originally  founded,  partly  on  the  oalonla- 
oeroiu  diatariea,  aad  i>aitly  on  tiie  eatimataa  of  home 
id  ths  reooidad  amoimta  of  the  importa.  Owing  to 
uta,  ws  oonaideTed  that  oar  eatimate  of  5'1  bnalielB  per 
the  Bnt  eight  ye«rt  waa  probably  somewhat  too  low. 
longh  we  do  snppoae  that  there  waa  an  inoreaaed  oon- 
irer  the  seoond  period  oompared  with  tiie  fimt,  and  that 

inoroain  waa  greater  then  than  afterwarda,  we  of  oonne 
^poae  that  thora  waa  the  andden  riae  from  5'1  to  G'5 

the  end  of  the  Arst  period.  Ths  reaaoika  for  railing 
»  ^t«r  the  flnt  two  period!  have  already  been  ei[dained ; 
alao  bean  explained  why  we  did  not  make  a  leparate 
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On  this  pant  it  nu;  be  fnrther  obsnred,  that  tlie  oonmiiDption  in 
manntutaras  oF  1117  kiod  is  Ter;  small ;  whilst,  as  a  rule,  it  is 
only  Ote  offal  wheat  tliat  is  giren  to  stook,  and  as  tbis  is  eiolndad 
in  oni  eitimata  of  jield  per  aoie,  aadi  oonanrnption  by  alook  does 
not  vitiate  our  estimates  of  consumption  per  head.  When,  boworer, 
the  pries  U  low,  more  offal  will  be  dressed  ont,  and  so  the  sample 
for  sale  impioTed.  Donbtlsaa,  too,  the  Tery  low  prictes  in  reoont 
;ean  have  led  to  the  oonsnmption  at  honM  of  some  wheat  that 
would  otherwise  have  gone  to  market ;  bnt  there  is  no  loaeoa  to 
suppose  Uiat  this  has  taken  plgos  to  snoh  aa  extent  as  niat«TiaUy 
to  affeot  oar  estiinates.  Time  will,  however,  show  whether  ot  not 
tbis  is  the  cose. 

It  has,  indeed,  reoentlj  been  alleged — Sist,  that  whilst  we  adopt 
5'65  boshels  as  the  oonsnmption  per  bead,  other  aathoritiee  tske 
it  at  onlj  5t  hnshels ;  and,  geoondly,  that  our  eBtimatos  take  no 
aooonnt  of  the  oonsnmption  b;  stock.  This,  Hr  E.  King  Fordhain 
estimated  at  probably  2,000,000  quarters  over  the  hut  harvest 
year,  and  Mr  W.  J.  Harris  at  two  bnahela  per  sere  per  annnm  over 
the  last  three  years, 

Now,  as  to  the  rate  of  consumption  per  head,  we  are  not  aware 
ol  any  eetimate,  fonnded  en  independent  data,  since  onr  own  in 
1B63,  amended  in  1830,  until,  in  TTui  Economitl  of  Jan.  29  (1887),  Ur 
W.  J.  Harris  makes  snah  an  ostdmate.  He  divides  the  flftoon  civil 
years,  1871  to  1885,  into  five  triennial  periods,  and,  taking  the 
estimate  of  the  home  prodnoe  per  acre  of  each  of  those  years  as 
given  in  Dombnaoh's  lists,  and  the  net  imports,  he  rookons  ibat 
the  consumption  per  head  per  annnm  was,  over  those  five  periods, 
3*3,  317,  319,  351,  and  337  lb,  respectively,  wbiob  correspond  to 
S'62,  5'S9,  S'72,  5'80,  and  5-5Z  bushels  per  bead  per  annnm ;  or. 
for  the  whole  period  of  fifteen  years,  to  5'67  bushels.  This 
estimate  agrees,  tlierefore,  almost  absolately  with  one  own.  Bet, 
over  the  first  four  of  the  five  triennial  periods,  when  Hr  Harris 
makes  no  allowance  for  oonsumption  by  stock,  bis  estimateB 
correspond  to  5'7I  bushels,  or  rather  higher  than  our  own  estimate 
of  5'6B  for  tbe  total  oonsnmption.    It  is  to  be  observed,  too,  that 


(  7  ) 
it  ii  only  bj  aaramiiig  an  extra  oonsniuption  bf  stock  at  tbs  rate 
of  S  bmhels  per  aoFO  per  umnm  over  the  I&at  trieniuBl  period,  and 
dedncting  this  from  the  available  home  produce,  that  Mr  Harrje 
ahova  u  loirer  oonaniiiptiDn  per  head  over  tliat  period.  That  his 
eatimatea  abov  on  the  STerage  a  somewhat  higher  rate  of  oon- 
anmptiou  per  head  than  oars,  depends  on  the  bat  that,  acoording 
to  the  Bgnres  in  DombaHeh's  list,  the  avemge  produce  per  aeie 
per  asniim  is,  over  the  Bfteen  ;sara,  aeTen-eighthi  of  a  bushel 
higber  than  aooording  to  our  own  estiiiiateB. 

It  is  to  be  obaarved  that  the  prinoiple  of  Mr  Harria'i  calonla- 
tJons  is  the  same  as  that  of  onr  own  for  tbs  later  periods.  In  both 
oases  the  data  relied  upon  are,  estiinatee  of  home  prodnoe  and  the 
orta.  The  onl;  differenee  U  tliat  Hr  Harris  «aloii- 
rears,  and  adopts  Dombnsoh's  estimates  of  home 
ire,  whilst  we  aaloulate  (or  harreat  j'ean,  and  take 
^tea  of  average  prodnoe  per  acre.  As  the  two  sets 
e  ao  oloaely,  tbay  obTionalj  mntoallj  oonfirm  one 

taken  for  granted  that  the  oonanmption  b;  itook 
m  nsnal  dnring  the  recent  fears  of  low  prioes ;  and 
I  soch  extra  oonanmption  aasnmed  by  Hr  Harris 
■ond  to  abont  640,0OOqra.  par  tt"""",  and  to  about 
irenth  of  a  bnahal,  per  head  of  the  population.  H 
iDppoaed   probable  bj  iSi  Fordbam,   we  were   to 

there  waa  an  eitfA  oonenniptien  bj  stock  of 
n  tlie  last  harreat  year,  this  would,  witii  a  popnla- 
,000,  aa  it  was  in  ronnd  nnmbera  in  1385-6,  affect 
I  aotoa]  oonsnmption  per  head  of  tbs  popnlation  by 

two-Sftha  of  ■  bosbel ;  or,  on  the  other  hand,  an 
OOOqra.  in  the  estimate  of  the  total  home  prodnee 
and  to  an  error  in  the  estimate  of  the  yield  per  acre 

area  of  abont  6|  bnshels. 

iposing  that  tba  eatimatea  of  home  prodnce,  snob  aa 
ly  in  I^  Eamomiit,  and  are  fonnded  on  the  market 
lieh  the  OoHtfe  price  is  Sied,  are  relatiTely  if  not 
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absolatelj  oorreot,  w«  should  expeot  that  during  a  period  of 
ezoeasive  oonsnmption  by  stock  they  would  show  lower  amomitB, 
oompared  with  our  own  estimates  of  home  prodnoe,  than  at  other 
times.     Bnt  the  result  is  ezaotly  the  contrary.     For  example, 

• 

whilst  during  the  harrest-yean  1880-1  and  1881-2  the  estimates 
according  to  sales  were  below  those  of  Bothamsted,  in  the  four 
subsequent  years  to  1885-6  they  exceeded  those  of  Bothamsted. 

In  conclusion,  we  would  remark  that  whilst  80  bushels  per  acre 
per  annum  is  frequently  assumed  to  be  the  ayerage  yield  of  the 
United  Eingdomy  our  own  estimate  was,  until  recent  years, 
28|  bushels ;  but  the  series  of  bad  seasons  has  reduced  the  average,  ^^ 

oyer  the  thirty-two  years  to  1883  inclusiye,  to  27  bushels.    We  ^^ 

ncTertfaeless  still  adopt  28  bushels  as  the  normal  ayerage  yield.  40A 

If,  howeyer,  our  estimate  of  consumption  is,  as  alleged,  too  higli,  W 

the  average  yield  per  acre  would  be  lower,  not  higher,  than  our 
figures  show.  If,  on  the  other  hand,  it  were  established  that  there 
is  a  large  consumption  by  stock  or  otherwise,  over  and  above  our  j 

estimate  of  total  consumption,  it  is  obvious  that  our  estimates  of 
average  yield  per  acre  are,  so  far,  too  low. 
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**0n  the  present  Poeition  of  the  Queetioii  of  the  Sources  of 
the  Nitrogen  of  Vegetation,  with  some  new  Results,  and 
preliminary  Notice  of  new  Lines  of  Investigation."  By  Sir 
J.  B.  Lawes,  Bart.,  LL.D.,  F.R.S.,  and  J.  H.  Gilbert, 
LL.D.,  F.R.S.  Preliminary  Notice.*  Received  and  read 
June  16,  1887. 

For  many  years  past  the  question  of  the  sonrces  of  the  nitrogen  of 
our  crops  has  been  the  subject  of  much  experimental  enquiry  both  at 
Rothamsted  and  elsewhere.  Until  quite  recently,  the  controversy 
has  chiefly  been  as  to  whether  plants  directly  assimilate  the  free 
nitrogen  of  the  atmosphere;  but,  during  the  last  few  years,  the 
discussion  has  assumed  a  somewhat  different  aspect.  The  question 
still  is  whether  the  free  nitrogen  of  the  air  is  an  important  source 
of  the  nitrogen  of  vegetation  ;  but  whilst  few  now  adhere  to  the  view 
that  chloropliyllous  plants  directly  assimilate  free  nitrogen,  it  is 
nevertheless  assumed  to  be  brought  under  contribution  in  various 
ways,  coming  into  combination  within  the  soil,  under  the  influence  of 
electricity,  or  of  micro-organisms,  or  of  other  low  forms  which  thus 
indirectly  serve  as  an  important  source  of  the  nitrogen  of  plants 
of  a  higher  order.  Several  of  the  more  important  of  the  investigations 
in  the  lines  here  indicated  seem  to  have  been  instigated  by  the 
assumption  that  natural  compensation  must  be  found  for  the  losses  of 
combined  nitrogen  which  the  soil  sustains  by  the  removal  of  crops, 
and  for  those  which  result  from  the  liberation  of  nitrogen  from  its 
combinations  under  various  circumstances. 

We  propose  to  summarise  some  of  our  own  more  recently  published 
results  bearing  on  various  aspects  of  the  subject,  to  put  on  record 
additional  results,  to  give  a  preliminary  notice  of  new  lines  of  enquiry, 
and  to  discuss  the  evidence  so  adduced  with  reference  to  the  results 

*  This  Preliminary  Notice  was  originally  intended  to  hare  served  as  the  Abstract 
of  a  fuller  paper,  and  is  so  referred  to  in  the  account  of  the  meeting  of  June  16 
(vol.  42,  p.  483). 
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and  conclusions  of  others  which  have  recently  been  pat  forward,  as 
above  alluded  to. 

In  our  earlier  papers  we  had  concluded  that,  excepting  the  small 
amount  of  combined  nitrogen  annually  coming  down  in  rain  and  the 
minor  aqueous  deposits  from  the  atmosphere,  the  source  of  the 
nitrogen  of  our  crops  was,  substantially,  the  stores  within  the  soil 
and  subsoil,  whether  derived  from  previous  accumulations,  or  from 
recent  supplies  by  manure. 

More  recently  we  have  shown  that  the  amount  of  nitrogen,  as  nitric 
acid  in  the  soil,  was  much  less  after  the  growth  of  a  ci'op  than  under 
comparable  conditions  without  a  crop.  In  the  case  of  gramineous 
crops  the  evidence  pointed  to  the  conclusion  that  most,  if  not  the 
whole,  of  their  nitrogen  was  taken  up  as  nitric  acid.  In  the  experi- 
ments with  leguminous  crops  the  evidence  was  in  favour  of  the  suppo- 
sition that,  in  some  cases,  the  whole  of  the  nitrogen  had  been  taken 
up  as  nitric  acid,  whilst  in  others  that  source  seemed  to  be 
inadequate. 

It  was  further  shown  that,  under  otherwise  parallel  conditions, 
there  was  much  more  nitrogen  as  nitric  acid  in  soils  and  sub- 
soils down  to  a  depth  of  108  inches  where  leguminous  than  where 
gramineous  crops  had  for  some  time  been  grown.  The  indication 
was  that  nitrification  had  been  more  active  under  the  influence  of 
leguminous  than  of  gramineous  growth  and  crop  residue.  At  the 
same  time,  comparing  the  amounts  of  nitrogen  as  nitric  acid  in  the 
soil  where  the  shallow  rooting  TrifoHum  repens  had  previously  been 
grown,  with  those  where  the  deeper  rooting  Vicia  sativa  had  yielded 
fair  crops,  it  was  found  that,  at  every  depth  of  9  inches  down  to  a 
total  depth  of  108  inches,  the  Vicia  soil  contained  much  less  nitric 
acid  than  the  TrifoUum  repens  soil ;  and  it  was  concluded  that  much 
if  not  the  whole,  of  the  nitrogen  of  the  Vicia  crops  had  been  taken  up 
as  nitric  acid. 

New  results  of  the  same  kind,  which  related  to  experiments 
with  TrifoUum  repens  as  a  shallow  rooting  and  meagrely  yielding 
plant,  to  Melilotus  leucantha  as  a  deeper  rooting  and  freer  growing 
one,  and  to  Medicago  sativa  as  a  still  deeper  rooting  and  still  freer 
growing  plant,  very  strikingly  illustrated  and  confirmed  the  result  of 
the  exhaustion  of  the  nitric  acid  of  the  subsoil  by  the  strong,  deep- 
rooting,  and  high  nitrogen-yielding  Leguminosae.  For  example,  at 
each  of  the  twelve  depths  of  the  Medicago  soil  there  remained  very 
much  less  nitrogen  as  nitric  acid  than  where  very  much  less 
nitrogen  had  been  removed  in  the  TrifoHum  repens  crops ;  there  being 
on  the  average  not  one- twelfth  as  much  in  the  lower  ten  depths 
of  the  Medicago  soil  as  in  the  corresponding  depths  of  the  Tri- 
foUum repens  soil.  Still,  the  figures  did  not  jnstify  the  conclusion 
that  the  whole  of  the  largo  amount  of  nitrogen  taken  up  by  the 
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Medicago  crops,  could  bave  Had  its  source  in  nitric  acid.  It  is  obvious 
that  mucli  nitrification  takes  place  near  the  surface,  but  as  tbe 
surface- soil  became  even  somewhat  richer  in  nitrogen,  it  was  clear 
that  the  surface-soil  has  not  been  the  primary  source  of  the  large 
amounts  of  nitrogen  taken  up  by  the  plants.  That  source  must  in 
fact  be  either  the  atmosphere,  or  the  subsoil ;  and  if  the  subsoil,  and 
yet  not  wholly  as  nitric  acid,  the  question  arises  in  what  other  form 
of  combination  P 

In  another  experiment,  one  leguminous  crop,  beans,  had  been  grown 
for  many  years  in  succession,  and  finally  yielded  very  small  crops, 
containing  less  than  30  lbs.  of  nitrogen  per  acre.  The  land  was  then 
left  fallow  for  several  years ;  barley  and  clover  were  sown  in  1883, 
and  in  that  year,  1884,  and  1885,  about  300  lbs.  of  nitrogen  per  acre 
were  removed,  chiefly  in  the  clover  crops.  This  result  was  obtained 
where  another  leguminous  crop  had  practically  failed,  where  the 
surface- soil  had  become  very  poor  in  total  nitrogen,  where  there 
existed  a  very  small  amount  of  ready-formed  nitric  acid  to  a  con- 
siderable^ depth,  and  where  the  surface  was  unusually  poor  in  nitro- 
genous crop  residue  for  nitrification.  Further,  not  only  had  this 
large  amount  of  nitrogen  been  removed  in  the  clover  crops,  but  the 
surface- soil  became  determinably  richer  in  nitrogen.  Here  again, 
then,  the  primary  source  of  the  nitrogen,  of  tbe  crop  could  not  have 
been  the  surface-soil  itself.  It  must  have  been  either  the  atmosphere, 
or  the  subsoil ;  and  assuming  it  to  be  the  subsoil,  the  question  arises 
whether  it  was  taken  up  as  nitric  acid,  as  ammonia,  or  as  organic 
nitrogen  ? 

The  results  adduced  could  leave  no  doubt  that  nitric  acid  was  an 
important  source  of  the  nitrogen  of  the  Leguminossd.  Indeed,  existing 
experimental  evidence  relating  to  nitric  acid  carries  us  quantitatively 
further  than  any  other  line  of  explanation.  But  it  is  obviously  quite 
inadequate  to  account  for  the  facts  of  growth,  either  in  the  case  of  the 
Medicago  sativa  experiments,  or  in  that  of  the  clover  on  the  bean- 
exhausted  land. 

Direct  experiments  were  made  to  determine  whether  the  nitrogen 
of  the  Bothamsted  raw  clay  subsoils,  from  which  it  is  assumed 
much  nitrogen  has  been  derived  in  some  way,  was  susceptible  of 
nitrification,  provided  the  nitrifying  organisms,  and  other  necessary 
conditions,  were  present.  It  was  found  that  the  nitrogen  of  such 
subsoils,  containing  only  about  0*04  or  0*05  per  cent,  of  nitrogen, 
and  not  more  than  6  or  8  parts  of  carbon  to  1  part  of  nitrogen,  was 
susceptible  of  nitrification.  It  was  also  found  that  nitrification  was 
more  active  in  leguminous  than  in  gramineous  crop  subsoils.  Ob- 
viously, however,  the  conditions  of  nitrification  in  which  samples  are 
exposed  in  the  laboratory,  are  very  different  from  those  of  the  subsoil 
in  situ, 
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Althongli  tbe  evidence  is  clear  that  the  nitrogen  of  raw  clay  snb- 
soils,  which  constitutes  an  enormous  store  of  already  combined 
nitrogen,  is  susceptible  of  nitrification,  provided  the  organisms  are 
present  and  the  supply  of  oxygen  is  ^sufficient,  the  data  at  command 
do  not  indicate  that  these  conditions  could  be  adequately  available  in 
such  cases  as  those  of  the  very  large  accumulations  of  nitrogen  by 
the  Medicago  sativa  for  a  number  of  years  in  succession,  or  by  the 
red  clover  on  the  bean- exhausted  land. 

The  question  arose — ^whether  roots,  by  virtue  of  their  acid  sap,  might 
not,  either  directly  take  up,  or  at  any  rate  attack  and  liberate  for 
further  change,  the  otherwise  insoluble  organic  nitrogen  of  the  sub- 
soil. Accordingly,  in  the  autumn  of  ).885  specimens  of  the  deep, 
strong,  fleshy  root  of  the  Medicago  sativa  were  collected  and 
examined,  when  it  was  found  that  the  sap  was  very  strongly  acid. 
The  degree  of  acidity  was  determined,  and  attempts  were  made  so  to 
free  the  extract  from  nitrogenous  bodies  as  to  render  it  available  for 
determining  whether  or  not  it  would  attack  and  take  up  the  nitrogen 
of  the  raw  clay  subsoil.  Hitherto,  however,  these  attempts  have  been 
unsuccessful. 

Also  in  the  autumn  of  1885,  when  this  difficulty  first  arose,  it  was 
decided,  in  the  mean  time,  to  examine  the  action  on  soils  and  subsoils 
of  various  organic  acids,  in  solutions  of  a  degree  of  acidity  either 
approximately  the  same  as  that  of  the  lucerne  root- juice,  or  having  a 
known  relation  to  it.  The  acids  used  were  the  malic,  citric,  tartaric, 
oxalic,  acetic,  and  formic. 

It  was  found  that  the  weak  organic  acid  solutions  did  take  up  some 
nitrogen  from  the  raw  clay  subsoil,  and  more  from  the  poor  lucerne 
surface-soil.  But  when  solutions  of  only  approximately  the  acidity 
of  the  root-sap  were  agitated  with  an  amount  of  soil  which  it  was 
thought  would  be  sufficient  to  yield  so  much  nitrogen  as  to  insure 
accurate  determination,  it  was  found  that  the  acid  frequently  became 
neutralised  by  the  bases  of  the  soil,  and  that  less  nitrogen  remained 
dissolved  after  a  contact  of  twenty-four  hours,  or  more,  than  after 
only  one  hour.  The  strength  of  the  acid  liquids  was  therefore  in- 
creased, and  the  relation  of  soil  to  acid  diminished.  More  nitrogen 
was  then  taken  up,  and  more  after  the  longer  than  the  shorter  period 
of  contact.  Still,  on  adding  fresh  acid  solution  to  the  already  once 
extracted  soil,  a  limit  to  the  amount  of  nitrogen  rendered  soluble  was 
soon  reached. 

Here  again,  the  conditions  of  experiment  in  the  laboratory  are  not 
comparable  with  those  of  the  action  of  living  roots  on  the  soil,  and 
the  results  obtained  do  not  justify  any  very  definite  conclusions  as  to 
whether  the  action  of  the  roots  on  the  soil  by  virtue  of  their  acid  sap 
is  quantitatively  an  important  source  of  the  nitrogen  of  plants  having 
an  extended  development  of  roots,  of  which  the  sap  is  strongly  acid. 
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Provided  this  were  clearly  established  to  be  the  case,  the  question 
would  still  remain,  whether  the  complex  nitrogenous  body  is  merely 
rendered  soluble,  and  taken  up  as  such,  as  is  probably  the  case  with 
the  fungi,  or  whether,  after  being  attacked,  it  is  subjected  to  further 
change  before  entering  the  plant  P 

In  the  autumn  of  1885,  Dr.  G.  Logos  published  the  results  of 
experiments  in  which  he  acted  upon  soils  by  pretty  strong  hydro- 
chloric acid,  and  determined  the  amount  of  nitrogen  taken  up 
(' Versuchs-Stationen,'  vol.  32,  p.  201).  One  of  his  soils  contained  0*804, 
and  the  other  0*367  per  cent,  of  nitrogen ;  whilst  the  surface  soil  of 
the  lucerne  plot  at  Bothamsted  contained  only  about  0*122,  and  the 
subsoil,  which  is  assumed  to  have  yielded  large  quantities  of  nitrogen 
to  the  crops,  little  more  than  0*04  per  cent.  Again,  in  the  one  case, 
Loges  found  40  per  cent.,  and  in  the  other  22*6  per  cent.,  of  the 
total  nitrogen  taken  up.  It  is  obvious,  therefore,  that  such  an  action 
is  not  directly  comparable  with  that  of  root-sap  on  a  poor  subsoil. 

Loges  states  that  in  experimenting  with  a  great  variety  of  soils  he 
has  always  found  the  hydrochloric  acid  extract  gave  the  phospho- 
tnngstic  precipitate,  from  which  it  is  concluded  that  the  substance 
taken  up  is  an  amide  or  peptone  body. 

Still  more  recently,  MM.  Berthelot  and  Andr6  (*  Gompt.  Bend.,'  vol. 
103,  1886,  p.  1101)  have  published  the  results  of  experiments  to  de- 
termine the  character  of  the  insoluble  nitrogenous  compounds  in  soils, 
and  of  the  changes  they  undergo  when  acted  upon  by  hydrochloric  acid 
of  various  strengths,  for  shorter  or  longer  periods,  and  at  different 
temperatures.  They  found  the  nitrogen  in  the  extract  existed  partly 
as  ammonia,  but  in  much  larger  proportion  as  soluble  amides,  and 
that  the  amounts  obtained  for  both  increased  with  the  strength  of  acid, 
the  time  of  contact,  and  the  temperature.  They  also  call  attention  to 
the  fact  that  when  the  clear  filtered  acid  extract  is  exactly  neutralised 
by  potash,  one  portion  of  the  amide  still  remains  soluble,  whilst 
another  is  precipitated,  showing  that  the  amides  rendered  soluble 
constitute  two  groups.  Such  re-precipitation  is  quite  in  accordance 
with  the  results  obtained  in  our  own  experiments,  in  which  less 
nitrogen  remained  dissolved  after  twenty-four  hours,  than  after  only 
one  hour's  contact,  when,  with  the  longer  period,  the  acidity  of  the 
extract  became  neutralised. 

As  in  Loges'  experiments,  so  in  those  of  MM.  Berthelot  and  Andr6, 
the  strength  of  acid  used  was  in  all  cases  much  greater  than  in  that 
of  the  Bothamsted  experiments,  and  very  much  greater  than  is  likely 
to  occur  in  any  rooH^sap.  Further,  the  soil  they  operated  upon  was 
about  four  times  as  rich  in  nitrogen  as  the  Bothamsted  subsoils,  whilst 
with  the  strongest  acid,  and  a  temperature  of  100°  C,  about  one« 
fourth  of  the  total  nitrogen  of  the  soil  was  dissolved. 

Still,  the  results  of  Loges,  and  of  Berthelot  and  Andr6,  are  of  much 
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interest  as  confirming  the  supposition  that  the  insoluble  nitrogenous 
compounds  in  soils  are  amide  bodies,  and  as  indicating  the  changes  to 
which  thej  are  subject  when  acted  upon  by  acids.  Supposing  the 
acid  root-sap  so  to  act  on  the  insoluble  organic  nitrogen  of  the  soil 
and  especially  of  the  subsoil,  as  already  said,  the  question  still  ramaina, 
whether  the  amide  rendered  soluble  is  taken  up  as  such,  or  undergoes 
farther  change  before  serving  as  food  for  the  plant  P  It  is  seen  that 
ammonia  is  an  essential  result  of  the  reaction ;  and  as,  so  far  as  our 
experiments  go,  nitric  acid  seems  to  be  a  more  prominent  constituent 
of  the  root-sap  than  ammonia,  the  question  arises  whether  the  liberated 
ammonia  is  not  oxidated  into  nitric  acid  before  being  taken  np  ? 
Then,  again,  is  the  soluble  amide  subjected  to  further  change-^perhaps 
first  yielding  ammonia,  and  this  again  nitric  acid  P  On  this  supposi- 
tion we  are  again  met  with  the  difficulty  as  to  the  sufficient  aeration 
of  the  subsoil. 

Supposing  any  considerable  amount  of  the  amide  rendered  soluble 
may  be  taken  up  by  the  plant  as  such,  it  is  obviously  of  interest  to 
consider  what  is  the  evidence  bearing  on  the  question  whether  plants 
can  take  up  such  bodies  and  assimilate  their  nitrogen  P  The  condi- 
tions of  experiment  and  the  results  obtained  by  various  experiment-ers, 
have  therefore  been  considered.  The  substances  which  have  been 
experimented  upon  are — urea,  uric  acid,  hippurio  acid,  guanine,  phos- 
phate of  ammonia,  glycocoU,  creatine,  and  tyrosin.  In  some  cases  the 
experiments  have  been  made  in  soil,  but  in  most  by  the  water-culture 
method. 

In  the  majority  of  cases  there  could  be  little  doubt  that  the  complex 
nitrogenous  body  contributed  nitrogen  to  the  plant,  either  directly  or 
indirectly.  In  the  case  of  the  experiments  with  soil  as  a  matrix,  there 
was  no  direct  evidence  that  the  plant  took  up  the  complex  organic 
body,  as  such;  and  the  probability  is  that  it  suffered  change  before 
becoming  available.  In  some  of  the  water-culture  experiments* 
especially  when  urea  was  used,  that  substance  was  found  within  the 
plant,  and  it  was  concluded  that  it  contributed  directly  as  a  source  of 
nitrogen  to  it.  Hampe  also  concluded  that  glycocoll  was  as  available 
as  nitric  acid  as  nitrogenous  food  to  plants. 

Upon  the  whole  it  seems  probable,  that  green-leaved  plants  can  take 
up  soluble  complex  nitrogenous  organic  bodies,  when  these  are  pre- 
sented to  them  under  such  conditions  as  in  water-culture  experiments, 
and  that  they  can  transform  them,  and  appropriate  their  nitrogen. 
If  this  be  the  case,  it  would  seem  not  improbable  that  they  could  take 
up  directly,  and  utilise,  amide  bodies  rendered  soluble  within  the  soil 
by  the  action  of  their  acid  root-sap. 

In  connexion  with  the  subject  of  the  conditions  under  which  the 
insoluble  organic  nitrogen  of  soils  and  subsoils  may  become  available 
t<5  chlorophyllous  plants,  some  results  of  Frank  may  be  briefly  con- 
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sidered.  He  observed  that  the  feeding  roots  of  certain  trees  were 
covered  with  a  f  angns,  the  threads  of  which  forced  themselves  between 
the  epidermal  cells  into  the  root  itself,  which  in  such  cases  had  no 
hairs,  but  similar  bodies  were  found  external  to  the  fungus-mantle, 
which  prolonged  into  threads  among  the  particles  of  soil.  In  the  case 
of  the  Cupuliferss  the  occurrence  seemed  to  be  universal,  and  it  was 
to  a  great  extent  limited  to  them,  though  it  has  been  observed  on 
ifvillows,  and  on  some  conifers.  The  development  was  the  greatest  in 
the  first  few  inches  or  richer  layers  of  soil.  Frank  considered  the 
action  to  be  one  of  true  symbiosis,  and  concluded  that  the  chlorophyl- 
lous  tree  acquires  its  soil  nutriment  through  the  agency  of  the 
fnngus. 

Here,  then,  is  a  mode  of  accumulation  by  some  green-leaved  plants 
which  allies  them  very  closely  to  fungi  themselves ;  indeed,  it  is  by 
an  action  on  the  soil  which  characterises  uon-chlorophyllous  plants, 
that  the  chlorophyllous  plant  acquires  its  soil  supplies  of  nutriment. 
But  inasmuch  as  the  action  is  the  most  marked  in  the  surface  layers 
of  soil  rich  in  humus,  and  it  is  stated  that  the  development  has  not 
been  observed  on  the  roots  of  any  herbaceous  plants,  the  facts  so  far 
recorded  do  not  aid  us  in  the  explanation  of  the  acquirement  of 
nitrogen  by  deep  and  strong  rooted  Leguminosad  from  raw  clay  sub- 
soils. Still,  in  view  of  the  office  within  the  soil  which  is  by  some 
attributed  to  micro-organisms,  and  other  low  forms,  the  observations 
are  not  without  intei*est. 

Only  very  brief  reference  can  be  here  made  to  the  numerous  experi- 
ments which  have  been  conducted  in  recent  years,  the  results  of  which 
are  held  to  afEord  evidence  that  fi'ee  nitrogen  contributes  to  the  yield 
in  our  crops  — either  through  the  agency  of  the  plant  itself,  or  of  the 
soil  under  the  influence  of  micro-organisms,  or  of  other  non-chloro- 
phylloufl  forms. 

Some  years  ago,  Bert  helot  called  in  question  the  validity  of  the  con- 
clusions from  the  experiments  of  Boussingault,  ourselves,  and  others, 
in  which  it  was  sought  to  determine  whether  plants  assimilated  the 
free  nitrogen  of  the  atmosphere,  by  growing  them  in  enclosed  vessels 
which  excluded  the  possibility  of  electrical  action  within  the  plant  or 
the  soil.  It  is  at  any  rate  coincident  with  the  pretty  general  acceptance 
of  this  objection,  which  obviously  puts  out  of  court  more  exact 
methods,  and  exposes  the  experimenter  to  many  more  possible  sources 
of  error,  that  there  has  been  a  great  accession  of  experimental  evi- 
dence adduced,  which  is  held  to  show  the  participation  of  the  free 
nitrogen  of  the  atmosphere  in  the  results  of  growth.  Had  the  results 
flo  obtained  by  vai*ions  experimenters  been  at  all  accordant  one  with 
another,  the  fact  might  have  been  considered  proof  that  the  objection 
was  fully  justified.  They  are,  however,  in  a  quantitative  point  of 
view,  BO  conflicting,  without  any  adequate  explanation  in  the  methods 
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described,  that  it  is  impossible  to  accept  the  whole  as  thej  stand,  and 
for  the  present  it  seems  necessary  to  hold  judgment  on  them  in 
abeyance. 

The  various  results  alluded  to  will  be  discussed  in  some  detail  in 
our  full  paper,  but  we  can  only  briefly  refer  here  to  some  of  the 
various  modes  of  explanation  which  have  been  suggested. 

In  the  experiments  of  M.  Berthelot,  in  all  of  which  the  gains  of 
nitrogen  are  comparatively  small,  they  have  in  some  cases  been  attri- 
buted to  electrical  action,  and  in  others  to  the  action  of  micro-organ- 
isms within  the  soil. 

Frank,  experimenting  with  a  soil  very  rich  in  nitrogen,  found  a  loss 
of  combined  nitrogen ;  but,  in  the  case  of  vegetation  experiments,  with 
a  less  rich  soil,  he  generally  found  a  gain.  He  concluded  that  two 
opposite  actions  are  at  work  within  the  soil — one  by  which  nitrogen 
is  set  free,  and  another  by  which  it  is  brought  into  combination ;  the 
latter  being  favoured  by  the  presence  of  living  plants.  He  admits 
that  there  is  no  decisive  evidence  how  this  takes  place ;  but  he  seems 
to  assume  that  it  is  under  the  influence  of  micro-organisms. 

Hellriegel,  again,  found  that  lupins  did  not  grow  well  in  an  ex- 
perimental soil,  until  he  added  to  it  the  watery  extract  of  a  soil  from 
a  field  where  lupins  were  growing  luxuriantly.  After  this,  his  ex- 
perimental plants  also  grew  well,  developed  the  well-known  nodules 
on  their  roots,  and  showed  a  gain  of  nitrogen.  This,  he  suggested, 
was  probably  dae  to  the  action  of  the  nodules  within  the  soil,  bringing 
the  free  nitrogen  of  the  air  into  combination,  and  thus  rendering  it 
available  to  the  growing  lupins.  The  results  of  Tscbirch  and  those  of 
Brunchorst  have,  however,  been  held  to  be  conclusive  against  such  a 
view.  According  to  their  experiments,  the  nodules  have  no  external 
communication  with  the  soil,  but  receive  their  nutriment  from  the 
plant  itself.  On  this  point  it  is  of  interest  to  observe  that,  according 
to  the  recent  experiments  of  Mr.  Marshall  Ward,  on  the  death  of  the 
nodules  the  spores  become  distributed  in  the  soil,  and,  if  this  be  the 
case,  the  possibility  of  some  action,  whatever  that  may  be,  is  not  yet 
disproved. 

Whatever  may  be  the  exact  facts  in  the  cases  cited,  it  is  at  any  rate 
clear  that  recent  lines  of  explanation  of  the  mode  in  which  some  of 
the  higher  plants  derive  their  nitrogen  involve  the  supposition  of  the 
intervention  of  lower  organisms  in  some  way.  It  must,  however,  be 
admitted  on  a  review  of  the  conflicting  rcsnlts  at  present  at  command, 
that  they  do  not  justify  any  confident  conclasion  that  the  compensa- 
tions supposed  do  take  place  in  any  important  degree,  or  that  free 
nitrogen  is  to  any  important  extent  brought  into  combination  under 
the  influence  of  the  lower  organisms.  In  the  meantime  it  seems  not 
inappropriate  to  devote  attention  to  some  other  aspects  of  the  subject. 

We  would  submit  that  a  careful  consideration  of  the  history  of 
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agriculture,  both  ancient  and  modem,  fails  to  afford  evidence  of  com- 
pensation such  as  is  now  sought  for.  Indeed  we  would  say,  as  we 
have  done  before,  that — "  The  history  of  agriculture  throughout  the 
world,  so  far  as  it  is  known,  clearly  shows  that  a  fertile  soil  is  one 
which  has  accumulated  within  it  the  residue  of  ages  of  previous 
vegetation,  and  that  it  becomes  infertile  as  this  residue  is  exhausted." 
In  conclusion,  we  would  call  attention  to  the  fact,  that  in  the 
Rothamsted  soil  and  subsoil,  down  to  the  depth  at  which  the  action  of 
roots  has  been  proved,  there  exists  a  store  of  about  20,000  lbs.  per 
acre  of  already  combined  nitrogen.  It  is  true  that  many  soils  will 
contain  much  less,  but  many  much  more.  There  is  then  obviously 
still  a  wide  field  for  inquiry  as  to  whether  or  not,  or  in  what  way,  the 
very  large  store  of  already  existing  combined  nitrogen  may  become 
available  to  growing  vegetation.  We  have  indicated  some  of  the  lines 
of  investigation  which  we  are  ourselves  following  up ;  and  we  would 
submit  that,  whether  or  not  the  lower  organisms  may  be  proved  to 
have  the  power  of  bringing  free  nitrogen  into  combination,  it  would 
at  any  rate  be  not  inconsistent  with  well-established  facts,  were  it 
found  that  the  lower  serve  the  higher  by  bringing  into  an  available 
condition  the  large  stores  of  combined  nitrogen  already  existing,  but 
in  a  comparatively  inert  state,  in  our  soils  and  subsoils. 
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INTRODUCTION. 

In  my  lecture  here  two  years  ago,  I  gave  an  account  of  the 
experiments  at  Bothamsted  on  the  growth  of  wheat  for  more  than 
forty  years  in  succession  on  the  same  land,  without  manure,  with 
farmyard  manure,  and  with  a  great  variety  of  artificial  manures  j  and 
last  year  I  gave  an  account  of  somewhat  parallel  experiments  on  the 
erowth  of  barley,  for  more  than  thirty  years  in  succession  on  the  same 
mnd. 

On  the  present  occasion  I  propose  to  direct  attention  to  the  results 
of  experiments  on  various  root-crops,  which  have  also  been  grown  for 
many  years  in  succession  on  the  same  land  ;  in  fact,  with  the  exception 
of  the  three  years,  1853,  1854,  and  1855,  from  1843  up  to  the  present 
time;  comprising,  therefore,  a  period  of  45  years,  in  42  of  which  roots 
have  been  grown. 

Hitherto,  then,  the  conditions  of  growth,  and  the  composition, 
especially  so  far  as  this  is  influenced  by  those  conditions,  of  certain 
crops  of  the  great  gramineous  family  cultivated  for  their  seeds,  and 
which  are  therefore  allowed  to  fully  ripen,  have  been  considered. 

The  remarkable  fact  was  brought  out,  that  these  gramineous  crops, 
which,  when  ripe,  contain  a  low  percentage  of  nitrogen  in  their  ary 
substance,  and  accumulate  a  comparatively  small  amount  of  it  over  a  given 
area,  are  nevertheless  specially  benefited  by  the  application  of  nitrogenous 
manures;  whilst  leguminous  crops,  which  not  only  contain  a  much 
higher  percentage  of  nitrogen  in  their  dry  substance,  and  yield  a  much 
greater  amount  of  it  over  a  given  area,  are  not  specially  benefited  by 
nitrogenous  manures.  This  was  not  supposed  to  indicate  that  they 
relied  on  the  atmosphere  for  their  nitrogen ;  but  to  be  connected  with 
a  diflEerent  character  and  range  of  roots,  by  virtue  of  which  these 


2  RESULTS  OF  EXPERIMENTS  AT  ROTHAMSTED, 

plants — ^the  Leguminosse — ^are  enabled  to  avail  themselves  of  soil-sources 
of  nitrogen  of  which  the  GraminesB  are  unable  to  take  advantage. 

The  Root-crops,  the  conditions  of  growth,  and  the  composition,  of  which 
we  have  now  to  consider,  include  members  of  more  than  one  Natural 
Family  of  Plants ;  and  thej  are  grown,  not  for  their  seed,  but  for,  so  to 
speak,  certain  intermediate  parts  and  products,  which  are,  by  cultivation, 
very  abnormally  developed ;  whilst  the  crops  are  not  allowed  to  ripen, 
but  are  taken  when  in  a  succulent  and  immature  condition.  We  stiall 
thus  have  interesting  points  of  comparison,  or  contrast,  brought  out^  as 
to  the  conditions  of  growth  of  these  crops,  and  of  those  to  which  we 
owe  the  cereal  grains. 

The  crops  to  which  I  shall  specially  direct  attention  are  some 
varieties  of  turnips,  belonging  to  the  order  CrucifersB,  and  a  variety  of 
beet,  namely,  the  feeding  mangel,  of  the  natural  order  Chenopodiacesd. 

The  introduction  of  turnips  into  our  agricultural  rotations  may  be 
said  to  have  been  one  of  the  most  important  improvements  of  recent 
times.  The  growth  of  the  crop  constitutes,  indeed,  an  essential  element^ 
not  only  in  the  ordinary  four-course  rotation,  but  in  all  our  varied 
rotations. 

From  certain  characters  of  the  turnip  plant,  especially  its  abundant 
leaf-surface,  and  from  certain  conditions  of  its  growth,  it  has  frequently 
been  assumed  that  it  is  largely  dependent  on  the  atmosphere  for  its 
nitrogen ;  and  that  it  is,  in  fact,  thus  a  collector  of  nitrogen  for  the 
crops  grown  in  alternation  with  it.  But  we  shall  see  that  experimental 
evidence  does  not  support  this  conclusion  j  and  that  we  must  look  in 
other  directions  for  an  explanation  of  the  undoubted  benefits  of  the 
growth  of  root-crops  in  rotation. 

The  object  to  be  attained  in  the  cultivation  of  root-crops  is,  it 
should  be  remembered,  to  encourage,  by  artificial  means,  a  quite 
abnormal  development  of  a  particular  part  of  the  plant  If  the  turnip 
plant  were  grown  for  its  natural  seed-product,  oil,  a  heavier  soil  would 
be  more  suitable  than  when  the  object  is  to  develop  the  swollen  root ; 
in  our  climate  a  biennial  habit  would  be  induced,  and  it  would  be  so 
grown  as  to  be  exposed  to  the  summer  temperature  at  a  later  stage  of 
the  development,  or  life  history,  of  the  plant — ^that  is  at  the  seed- 
forming  and  ripening  period.  Under  these  circumstances  there  would 
be  much  less  of  fibrous  root  distributed  through  the  surface  soil,  the 
main  root  would  be  much  less  bulbous,  and  more  fusiform,  tapping 
rather  than  spreading  laterally ;  the  leaves  and  stem  would  be  much 
larger,  both  actually  and  proportionally  to  the  root,  and  the  enlarged  root 
itself  would  serve  as  a  store  of  material  for  the  second  or  final  growth. 

To  obtain  the  cultivated  root,  however,  as  grown  as  a  food  and 
rotation  crop^  the  conditions  required  are  very  different  The  seed  is 
sown  at  a  different  period,  and  the  character  of  the  manuring,  and  of 
the  season  of  growth  chosen,  are,  in  their  conjoint  infiuence,  such  as  to 
favour  a  very  abnormal  accumulation  of  the  store  material  of  the  root, 
and  to  seciure  that  this  development  shall  attain  a  maximum  within  the 
limits  of  the  season. 
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It  is  no  objection  to  what  has  been  said,  that,  in  selecting  plants 
from  which  to  grow  seed,  for  the  future  growth  of  the  cultivated  root, 
those  having  the  most  symmetrical  roots  are  chosen,  rather  than  such 
as  are  more  tapping,  and  betray  a  more  characteristic  seed-forming 
tendency.  In  this  case  it  is  not  the  most  abundant  natural  seed  that  is 
the  object  of  culture,  but  a  seed  having  a  special  habit  of  growth, 
which  habit  it  is  desired  to  propagate.  Yet  it  will  be  seen  how  very 
soon  the  cultivated  turnip  will  revert  to  its  more  natural  characteristics, 
if  the  mode  of  culture  be  not  such  as  to  favour  the  artificial 
development. 

It  is  well  to  state  these  general  facts  before  entering  upon  any 
detailed  illustrations,  the  bearings  of  which  will  be  better  understood, 
if  the  essentially  artificial  conditions  of  growth  which  are  induced  be 
clearly  borne  in  mind. 

The  first  results  I  shall  adduce  are  those  of  experiments  with  a 
variety  of  the  common  turnip,  or  Brassica  rapa — the  Norfolk  White, 

EXPERIMENTS  WITH  NORFOLK  WHITE  TURNIPS. 

Every  one  knows  that  root  crops — ^whether  common  turnips, 
Swedish  turnips,  or  mangel  wurzel — are,  in  ordinary  practice,  grown  by 
the  aid  of  large  dressings  of  farmyard  manure;  with,  or  without, 
artificial  manures  in  addition;  the  farmyard  manure  bein^,  in  some 
cases,  applied  for  the  preceding  grain-crop,  but  more  generally  directly 
for  tiie  root-crop  itself.  It  wifi  be  well,  therefore,  briefly  to  refer 
to  the  results  obtained  with  Norfolk  white  turnips,  by  the  use  of 
farmyard  manure,  at  the  rate  of  1 2  tons  per  acre  per  annum,  for  three 
years  in  succession ;  and,  for  comparison,  those  obtained  in  the  same 
seasons  without  manure,  are  also  given. 

TABLE  I. 

Prodaoe  of  Norfolk  White  TnmipB,  without  Manure,  and  with 

Farmyard  Manure. 


Roots. 

Leaves. 

Seasona. 

Without 
Manure. 

1 

With  Farmyard 
Manure. 

Without 
Manure. 

With  Farmyard 
Manure. 

1843 
1844 
1845 

Tons.  CwtB. 
*      3f 
2      4J 
0    13i 

Tons.  CwtB. 

9      91 

10    15i 

17      Of 

Tons.  CwtB. 
\        Not 
/   weighed. 
0    14i 

TonB.  Cwts. 

Not 

weighed. 

7      7J 

Mean 

2      7i 

12      8i 

Thus,  then,  the  produce  of  this  assumed  restorative  crop,  when 
grown  without  manure,  goes  down  in  the  third  year  to  13|  cwts.  per 
acre ;  whilst  in  the  third  year  with  farmyard  manure  there  was  more 
than  17  tons. 

By  the  use  of  12  tons  of  farmyard  manure  per  acre  per  annum  for 
three  years  in  succession,  an  average  produce  of  about  12^  tons  of 
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roots  was  obtained.  But  the  amount  varied  very  much  indeed 
according  to  season ;  it  being  nearly  twice  as  great  in  the'  third  year  as 
in  the  first  Accumulation  of  manure  in  the  soil  would  aid  this  result, 
as  the  season  was  very  favourable  for  the  growth  of  the  crop  ;  but  the 
accumulation,  without  the  favourable  conditions  of  season,  would  not 
have  sufficed. 

It  may  be  observed  that  the  first  season,  1843,  was  characterised  by 
great  vicissitudes  of  both  rainfall  and  temperature;  1844  was  both  hot 
and  dry  at  the  commencement,  with  too  little  total  rain  till  October ; 
whilst  the  season  of  most  luxuriant  growth,  1845,  had  a  sufilcient 
amount,  and  considerable  continuity  of  rain,  and  only  moderate 
temperatures,  throughout. 

Now,  farmyard  manure,  which  has  yielded  these  amounts  of 
produce,  contains  more  or  less  of  every  constituent  required  for  the 
growth  of  the  turnip ;  and  of  some  very  important  manurial  matters, 
the  amount  of  manure  applied  would  contain  much  more  than  did  the 
crop  yielded.  This  would  be  the  case  so  far  as  the  nitrogen,  and  most 
of  the  mineral  constituents,  are  concerned.  Of  nitrogen,  for  example, 
the  12  tons  of  farmyard  manure  would  probably  contain  from  160  to 
170  lbs.,  whilst  the  average  produce  of  12^  tons  of  roots  would 
probably  not  contain  one-third  as  much.  It  is  true  that  the  leaf,  as  we 
shall  presently  see,  would  also  have  accumulated  in  it  a  considerable 
quantity  of  nitrogen ;  but  besides  this  a  large  proportion  of  that 
supplied  in  the  manure  would  remain  in  the  soil  in  a  condition  only 
slowly  available  to  vegetation. 

It  is  to  these  facts — the  large  amount  of  farmyard  manure  generally 
applied  for  the  growth  of  root-crops,  the  large  amount  of  the 
nitrogen,  and  other  constituents,  remaining  in  the  leaf,  which  serve 
directly  as  manure  again,  and  the  large  proportion  of  the  constituents 
of  the  manure  itself  which  remain  and  slowly  become  available  to 
succeeding  crops,  —that  the  value  of  the  root-crop  in  rotation  is  largely 
to  be  attributed. 

But  another  very  important  factor  is,  that  these  crops  are,  so  to 
speak,  gross-feeders,  or  rapid  converters  of  manure  into  vegetable 
produce,  and  when  the  edible  portion — the  root — is  consumed  by  store 
or  fattening  stock,  a  very  small  proportion  of  the  nitrogen,  and  other 
constituents  valuable  as  manure,  is  retained  by  the  animal.  The 
remainder,  perhaps  more  than  90  per  cent,  of  the  nitrogen,  is  voided  by 
the  animals,  and  becomes  manure  again.  When,  however,  roots  are 
consumed  for  the  production  of  milk,  a  much  larger  proportion  is  lost 
to  the  manure. 

To  sum  up:  a  large  amount  of  the  manure  is  converted  into 
vegetable  substance,  but  a  still  larger  amount  remains  in  the  soil  for 
future  crops  ;  the  substance  grown  provides  a  large  amount  of  food  for 
animals,  but  the  greater  proportion  of  its  constituents  remains,  or 
returns,  as  manure  again.  Lastly,  in  addition  to  these  advantages,  the 
opportunity  which  the  growth  of  the  crop  affords  for  the  cleaning  of 
the  land,  constitutes  another  important  element  of  value. 
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The  next  question  to  consider  is — which  constituent,  or  class  of 
constituentB,  of  the  complex  material,  farmyard  manur$,  has  the  most 
characteristic  influence  on  the  growth  of  the  root  crop ) 

Table  II.  gives  some  illustrations  on  this  point.  It  shows  the 
average  yield,  over  four  consecutive  seasons,  1845-48,  of  roots,  of 
leaves,  and  of  total  produce,  of  Norfolk  white  turnips,  grown  without 
manure,  and  with  a  variety  of  artificial  manures.  The  upper  division 
of  the  Table  shows  the  produce  without  mineral  manure,  and  the 
lower  division  shows  in  each  case  the  mean  prodtice  of  three  different 
mineral  manures,  namely,  1 — Superphosphate  of  lime  (plot  5) ;  2 — 
Superphosphate  and  potash  salt  (plot  6) ;  3 — Superphosphate,  and 
potash,  soda  and  magnesia  salts  (plot  4). 

TABLE  II. 

NoBvoLK  Whttb  Turxips. 
Qrowa  year  cffer  jfear  on  the  same  land,  BarnfiM,  RoQmmsted, 

ResnltB  showing  the  effects  of  exhaustion  and  mannres,  four  seasons,  1845-'48. 

Manures  and  produce  per  acre  per  annum. 


SERIES  1. 

No 

Nitrogenous 

Manure. 


SERIES  3. 

Ammonium 

Salts  »  45  lbs. 

Nitrogen. 


SERIES  4. 

Ammonium 

Salts  and  Rape 

Cake  =  135  lbs. 

Nitrogen. 


SERIES  5. 

Rape  Cake 
»  90  lbs. 
Nitrogen. 


Without  Mikeral  Manure.    (Three  years  only,  1846 

-'48). 

Boots  ... 
Leaves 

■  f  •        •  •  • 

•  •  ■        •  •  • 

•  •           •  •  • 

Tona.  Ctrts. 
1         4 
0      17 

Tons.  Cwts. 

1       7 
1       0 

Tons.  Cirts. 
5      10 
3      19 

Tons.  Cwts. 
6      11 
3        3 

Total 

2        1 

2       7 

9        9 

9      14 

With  various  Minkral  Manures. 

Roots 

xjca  T  Co        ■  •  •     ... 

8       4 
2      14 

9      18 
4       6 

10        5 
6        3 

11 

4 

0 
12 

Total      

10      18 

14        4 

16        8 

15 

12 

In  the  upper  part  of  the  first  column  are  given  the  results  without 
manure,  and  in  the  lower  part  of  it  those  with  the  mineral  manure 
alone ;  in  the  second  column  those  with  ammonium-salts,  in  addition, 
supplying  45  lbs.  of  nitrogen  per  acre  per  annum ;  in  the  third  those 
with  rape  cake  and  ammonium-salts  in  addition  =  135  lbs.  nitrogen 
per  acre  ;  and  in  the  fourth  those  with  rape  cake  =  90  lbs.  nitrogen  per 
acre  per  annum  in  addition. 

The  first  point  to  notice  is — ^that  on  some  of  the  manured  plots 
there  is  an  average  of  about  11  tons  of  roots,  and  more  than  4^  tons 
of  leaves,  giving  a  total  produce  per  acre  of  more  than  15^  tons. 
Without  manure^  on  the  other  hand,  this  assumed  rMtoraUiVB  crcp  yields 
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an  average  of  only  1  ton  4  cwta.  of  TOots,  17  cwta.  of  leaves,  and  a 
total  produce  of  only  2  tons  1  cwt.  The  character  of  the  unmanared 
root  was,  moreover,  totally  difTerenk  It  had  more  the  shape  of  a 
carrot  than  of  a  turnip ;  whilst  its  composition  was  also  totally  oifferent 
from  that  of  the  cultivated  root. 

The  difference,  both  in  the  amount  of  produce  and  in  the  com- 
position of  the  cultivated  as  compared  with  the  more  natural  root,  is 
strikingly  illustrated  by  the  following  figures,  which  relate  to  the  crops 
of  the  third  season  of  the  experiments,  1845.     Thus  we  have  : — 


Boots  per  acre. 


Nitix^gen 

percent. 

in  Dry  Matter. 


"^thont  Mannre^ .     ... 
Fannyard  Manure 
Sapeiphoephate  of  lime 


TODS.  Cwti. 

0  13{ 
17       1 
11       2 


FbtcoikL 
3-31 
1-56 
1*52 


That  is  to  say,  under  the  influence  of  manure  there  is  a  very  large 
amount  of  non-nitrogenous  substance  accumulated,  diluting,  so  to 
speak,  the  high  percentage  of  nitrogen  of  the  natund,  uncidtivated 
root  Not  that  more  nitrogen  is  not  also  taken  up  by  the  cultivated 
plant,  but  in  it  there  is,  in  proportion  to  the  nitrogen,  a  laige  amount 
of  other  matters  formed,  the  accumulation  of  which  converts  the  plant 
into  an  important  food-crop. 

It  will  be  seen  that  even  mineral  manures  alone,  and  it  is  especially 
those  which  contain  phosphates,  have  a  very  marked  effect  in  inducing 
such  accumulation;  and  it  is  pre-eminently  by  the  action  of  such 
manures  that  a  great  amount  of  fibrous  root  is  developed  in  the 
surface  soil,  under  the  influence  of  which  more  nitrogen,  and  at  the 
same  time  more  mineral  matters,  are  taken  up. 

The  results  in  the  other  columns  of  Table  11.  show,  that  the 
addition  of  nitrogenous  manure,  whether  as  ammonium-salts,  or  as 
rape-cake,  or  both,  gives  a  further  increase  in  the  produce  of  the  roots. 
But  the  second  line  of  each  division  of  the  Table  shows  that  a 
prominent  effect  of  the  nitrogenous  manures  is  largely  to  increase  the 
production  of  leaf.  Thus,  tibe  average  amount  of  leaf  is  increased 
from  2  tons  14  cwts.  by  mineral  manure  alone,  to  4  tons  6  cwts.  with 
ammonium-salts  in  addition,  to  4  tons  12  cwts.  with  rape-cake  in 
addition,  and  to  6  tons  3  cwts.  with  both  ammonium-salts  and  rape- 
cake  in  addition. 

The  next  Table,  III.,  shows,  first  the  average  proportion  of  leaf  to 
1000  of  root,  under  the  four  characteristically  different  conditions 
as  to  manuring.  It  also  shows  the  percentages  of  dry  matter  in  the 
roots  and  leaves  respectively ;  and  the  percentages  of  nitrogen  and  of 
total  mineral  matter  (ash)  in  the  dry  matter.  La  the  lower  division  of 
the  Table  are  gi^en  the  amounts  per  acre  of  each  of  these  constituents, 
in  the  roots  and  leaves  respectively,  and  the  amounts  per  acre  more  or 
less  in  the  leaf  than  in  the  root. 
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TABLE  III. 

Norfolk  White  Turnips. 
Oraum  year  after  year  on  the  same  land,  Bamjield,  Bothamsted. 

Proportion  of  leaf  to  root,  and  selected  constitaents  in  root  and  leaf. 

Per  cent,  and  per  acre. 

Mean  of  plots  4,  5,  and  6 ;  four  years,  1845-1848. 


SERIES  1. 

No 

Nitrogenoas 

Manure. 


SERIES  3. 

Ammonium 

Salts 

»  45  lbs. 

Nitrogen. 


SERIES  4. 

Ammonium 

Salts  and 

Rape  Cake 

»  135  lbs. 

Nitrogen. 


SERIES  5. 

Rape  Cake 
«  90  lbs. 
Nitrogen. 


LSAF  TO  1000  ROOT. 


329 


434 


600 


418 


Per  cent. 


3>ry          (In  root     

Matter  i  In  leaf     

8-54 
14-56 

807 
13-54 

7-66 
12-43 

7-96 
12-94 

Nitrogen  ( In  root     

in  my  i  In  leaf     

1-60 
3-75 

2-64 
3-68 

2-45 
(3-68) 

1-78 
(3-68) 

Mineral    (In root     

in  Dry  (In  leaf     

7-26 
\   12-24 

8-22 
11-88 

9-03 
11  12 

8-30 
11-87 

Pbr  Acre,  lbs. 

/  In  root     

Dry          1 1n  leaf     

Matter) 

(  Leaf  +  or  -  root 

1581 
853 

1807 
1289 

1770 
1703 

1963 
1296 

-    728 

-    518 

-      67 

-    667 

[  In  root     

Nitrogen  1  ^"^  ^^     

25 
32 

48 
48 

43 
63 

35 

48 

(Leaf  +  or  — root 

+        7 

0 

+      20 

+       13 

( In  root     

Mineral  )  In  leaf     

Matter  ) 

(  Leaf  +  or  —  root 

118 
100 

148 
151 

160 

187 

165 
151 

-      18 

+        3 

+       27 

-       14 

Thus,  with  the  Norfolk  White  Turnip,  we  have  from  less  than  one- 
third  as  much  leaf  as  root  without  nitrogenous  manure,  to  nearly 
two-thirds  as  much  with  the  largest  supply  of  nitrogen  by  manure — 
that  is  with  the  greatest  luxuriance  of  growth. 

The  economic  importance  of  the  difference  in  the  proportion  of  leaf 
to  root,  not  only  under  the  influence  of  different  conditions  as  to 

B 
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manuring,  bnt  in  different  descriptions  of  root-crops^  will  be  rendered 
obvious  by  the  other  results  given  in  the  same  Table,  and  similar 
results  given  in  corresponding  Tables  relating  to  Swedish  Tum^  and 
to  Mangd  Wurzel 

First  as  to  Norfolk  While  Tumipei — not  only  is  there  the  large 
proportion  of  leaf,  bub  the  leaf  contains  a  very  much  higher  percentage 
of  dry  matter  than  the  root ;  and  there  is  a  very  much  higher  percentage 
of  both  nitrogen  and  total  mineral  matter  in  the  dry  substance  of  the 
leaf. 

The  significance  of  these  facts  is  more  clearly  brought  out  in  the 
lower  division  of  the  Table,  which  shows  the  amounts  per  acre,  in  root 
and  in  leaf,  respectively,  of  dry  matter,  of  nitrogen,  and  of  total 
mineral  matter,  under  the  different  conditions  of  manuring;  also  the 
amounts  of  these  in  the  leaf  +  or  —  the  amounts  in  the  roots. 

It  is  seen  that,  owing  to  the  much  higher  percentages  of  dry 
matter,  and  of  nitrogen  and  mineral  matter  in  the  dry  matter,  of  the 
leaf,  the  proportion  of  these  in  the  leaf  per  acre,  is  much  greater  than 
is  indicated  by  the  proportion  of  the  fresh  leaf  itself.  We  have,  in 
fact,  in  one  case,  that  with  the  highest  nitrogenous  manuring,  nearly 
as  much  dry  or  solid  matter  per  acre  in  the  leaf,  which  for  the  most 
part  only  becomes  manure  again,  as  in  the  edible  part  of  the  crop,  the 
root  In  three  cases  there  is  actually  more  of  the  nitrogen  of  the  crop 
in  the  leaf,  remaining  for  manure,  than  there  is  in  the  portion  avaUable 
as  food.  There  is  also,  in  two  cases,  more  of  total  mineral  constituents 
in  the  leaf  than  in  the  root 

EXPERDfSNTS  WITH  SWEDISH  TURNIPS. 

We  will  now  turn  to  the  consideration  of  similar  particulars 
relating  to  other  descriptions  of  Boots,  and  among  these  I  will  first 
direct  attention  to  another  very  typical  root-crop,  namely  the  Swedish 
Turnip^  Brassica  campestris  rutabaga. 

The  illustrations  adduced  are  drawn  from  results  obtained  in  the 
same  field,  on  the  same  plots,  and  with,  to  a  great  extent,  similar 
manures,  as  in  the  case  of  the  Norfolk  White  Turnip  already  considered. 
The  mineral  manures  were  in  fact  practically  the  same  throughout,  and 
the  nitrogenous  manures  were  nearly  the  same  in  the  first  two  of  the 
four  years,  1849  and  1850,  but  in  the  second  two  no  nitrogenous 
manures  were  used.  Further,  the  results  were  obtained  in  the  next 
succeeding  four  years  to  those  in  which  the  Norfolk  Whites  were 
grown. 

Table  IV.  shows  the  average  amounts  of  produce — roots,  leaves, 
and  total — under  the  different  conditions  of  manuring,  over  the  four 
years,  two  with  and  two  without  nitrogenous  manures ;  and  Table  V. 
shows  the  proportions  of  leaf  to  root,  the  percentage  of  dry  matter, 
and  the  percentages  of  nitrogen  and  of  mineral  matter  in  the  dry 
matter,  in  each ;  also  the  amounts  of  dry  matter,  nitrogen,  and  mineral 
matter  per  acre,  in  leaf  and  in  root,  respectively. 

Compared  with  the  produce  of  the  White  Turnip,  that  of  the 
Swedish  Turnip  shows  upon  the    whole   rather   less  root  without 
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Dittogenoas  manure,  that  is  with  the  mineral  manure  alone,  owing  to 
the  gradual  exhaustion  of  the  nitrogen  of  the  soil  where  none  had 
been  applied  by  manure  for  a  number  of  years.  But  on  the  other 
hand  there  is,  with  nitrogenous  manures,  in  two  cases  out  of  three, 
more  of  the  Swedish  than  of  the  White  Turnip  root 

TABLE  IV. 

Swedish  Tubnips. 
Chrcfum  year  afler  year  en  the  same  land,  Barnfield,  Rothamsted. 

ResiiltB  showing  the  effects  of  exhaustion  and  manures,  four  seasons,  1849-'52. 

Manures  and  produce  per  acre  per  annum. 


SERIES  1. 

No 

Nitrogenous 

Manure. 


SERIES  3. 

Ammonium 
Salts  =  43  lbs. 

Nitrogen. 
('49  ft '50  only.) 


SERIES  4. 

Ammonium 

Salts  and  Rape 

Cake  =  141  lbs. 

Nitrogen. 
('49  & '50  only.) 


SERIES  5. 

Rape  Cake 

=  98  lbs. 

Nitrogen. 

('49  & '60  only.) 


WriHOUT  MiNEBAL  MaNUBB. 


Boots 

Leayes  (^)  ... 


Total 


•  •  f  a  •  • 


Tom.  Cwtfl. 
2        6 
0        6 


12 


Tons.  Cwt0. 
3      17 
0       6 


Tons.  Cwta. 

7       0 
0     17 


7      17 


Tons.  Cwts. 
7       14 
0       13 


8 


With  vabious  Mikiral  Manures  (Plots  4,  6,  and  6). 

Koots 

Leaves  (^)    

7       6 
0      10 

8      18 
0      11 

12       2 
0      19 

11 
0 

9 
16 

Total      

7      16 

9       9 

13        1 

12 

4 

(^)  ATerage  of  three  years  only,  1850-'62,  leaves  in  1849  not  weighed. 

A  very  important  point  to  notice  is,  that  there  was,  even  when 
there  was  more  root,  very  much  less  leaf  in  the  case  of  the  Swedish 
Turnip.  Thus,  whilst  with  the  highest  nitrogenous  manure  there  was, 
with  an  average  of  101  tons  of  the  White  Turnip  roots  nearly  6^  tons 
of  leaves,  there  was  with  the  Swedish  Turnip,  with  more  than  12  tons 
of  roots,  not  quite  one  ton  of  leaf.  Here,  then,  the  result  of  growth  is 
that  almost  the  whole  of  the  accumulation  is  in  the  food-product,  the 
root ;  and  a  very  insignificant  amount  remains  in  the  leaf,  most  of  it 
simply  to  become  manure  again. 

This  point  will  be  more  clearly  illustrated  by  the  results  given  in 
Table  Y.  But  before  turning  to  it,  it  may  here  be  observed,  though 
the  fact  is  not  shown  in  the  merely  mean  results  given  in  the  Table, 
that  there  was  very  little  influence  from  potash  manures,  excepting 
where,  with  the  aid  of  liberal  nitrogenous  manuring,  there  was  much 
increased  luxuriance,  and  with  this  a  greater  drain  on  the  stores  of 
potash  of  the  soil  itself. 
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Let  US  now  tarn  to  the  results  in  Table  Y.,  which  gives  the  leaf  to 
1000  root,  and  the  same  particulars  as  before  relating  to  the  percentage 
composition  of  each,  and  to  the  amounts  of  the  selected  constituents 
per  acre  in  each. 

TABLE  V. 

SWBDISH  TUBNIFS. 

Orown  year  after  year  on  the  same  land,  BamJUld,  Bothamated, 

Proportion  of  leaf  to  root,  and  selected  constituents  in  root  and  leaf. 

Per  cent,  and  per  acre. 
Mean  of  plots  4,  5,  and  6  ;  fonr  years,  1849-1852. 


SERIES  1. 


No 

Nitrogenous 

Manure. 


SERIES  3. 

Ammonium 

Salts 

»  43  lbs. 

Nitrogen. 


SERIES  4. 

Ammonium 

Salts  and 

Rape  Cake 

»  141  lbs. 

Nitrogen. 


SERIES  5. 

Rape  Cake 
»=  981b8. 
Nitrogen. 


Leaf  to  1000  Root. 


69-0 


61*8 


78-5 


65*5 


PSR  CENT. 


Dry          (In  root     

Matter  i  In  leaf     

11*59 
13-81 

11-61 
13*08 

10-54 
12-97 

10*89 
13-19 

Nitrogen  ( In  root     

in  Dry  ( In  leaf      

1*40 
3-95 

1-69 
407 

2-19 
411 

1-84 
4-00 

inDryl^^^^      

4*38 
1216 

4*49 
11-85 

4-83 
10-54 

4*66 
10-59 

Per  Acre,  lbs. 

(  In  root     

Dry         )  In  leaf     

Matter) 

(  Leaf  +  or  —  root 

1879 
154 

2245 
166 

2840 
270 

2769 
227 

-  1725 

-  2079 

-  2670 

-  2542 

/In  root     

Nitrogen  p"^***     

26 
6 

38 

7 

62 
11 

51 
9 

\  Leaf  +0T^  root 

-      20 

-      31 

-      51 

-      42 

(In  root     

Mineral   J  In  leaf      

Matter  ^ 

(  Leaf  +  or  —  root 

83 
19 

102 
20 

139 
29 

130 
24 

-      64 

-      82 

-     110 

-     106 

It  is  seen  that,  instead  of  300  to  600  parts  of  leaf  for  1000  of  root, 
as  in  the  White  or  Common  Turnip,  we  hayOi  with  the  Swedish 
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Tomip,  in  no  case  100  of  leaf  to  1000  of  root.  The  highest  proportion 
is  78^  to  1000,  and  this  is  with  the  highest  nitrogenous  manuring,  and 
the  most  luxuriant  crops. 

It  is  further  seen  that  the  percentage  of  dry  matter  in  the  root 
ranged  from  10^  to  Ilk  whilst  in  the  White  Turnip  it  averaged  only 
about  8  per  cent.  We  nave,  therefore,  not  only  a  larger  proportion  of 
edible  root,  but  that  root  contains  a  larger  proportion  of  solid  matter  or 
food  material. 

As  with  the  Norfolk  White,  however,  so  also  with  the  Swedish 
Turnip,  the  leaf  contains  a  much  higher  percentage  of  dry  substance 
than  the  root,  and  that  dry  substance  contains  a  much  higher  per- 
centage of  both  nitrogen  and  total  mineral  matter  than  does  the  dry 
substance  of  the  root. 

The  lower  division  of  the  Table  shows,  especially  when  compared 
with  the  corresponding  particulars  relating  to  the  Common  Turnip, 
how  very  different  are  the  two  crops  in  some  very  important  respects. 
Thus,  with  the  Swedish  Turnip  we  have,  with  the  highest  manuring, 
fully  one  and  a  half  time  as  much  dry  substance  per  acre  in  the  root ; 
that  is  one  and  a  half  time  as  much  food  produced  per  acre,  as  with 
the  Common  Turnip.  We  have  a  quite  insignificant  amount  of  matter 
accumulated  and  remaining  in  the  leaf,  that  is  for  the  most  part  only 
serving  as  manure  again. 

Of  the  nitrogen  again,  there  is,  under  all  conditions  of  manuring, 
even  those  giving  the  greatest  luxuriance,  a  very  small  proportion 
remaining  in  the  leaf.  The  same  is  the  case  with  the  total  mineral 
matter. 

The  question  obviously  suggests  itself,  if  the  Swedish  Turnip  has 
all  these  advantages  over  the  numerous  varieties  of  the  so-called 
Common  Turnip,  why  are  these  ever  grown)  why  not  always  the 
Swedish  Turnip  1 

In  the  first  place,  soil  and  season  have  to  be  taken  into  account. 
Then  the  economy  of  the  farm  requires  that  descriptions  should  be 
selected  that  can  not  only  be  sown  in  due  succession,  but  which  will 
mature  at  different  periods,  so  as  to  supply  food  for  stock  in  due 
succession,  and  also  frequently  to  get  the  crop  early  off  the  land,  to 
leave  it  free  for  some  other  crop.  Again,  a  comparatively  large  pro- 
portion of  leaf  serves  as  protection  against  frost  while  the  crop  is  still 
m  the  field ;  and  the  storing  qualities  of  the  root  have  to  be  considered 
in  connection  with  the  character  of  the  seasons  of  the  locality.  For 
example,  on  the  light  soils  of  Norfolk,  which  are  very  favourable  for 
the  development  of  root,  and  but  little  for  that  of  leaf,  and  where  the 
roots  can  be  largely  consumed  by  sheep  on  the  land,  without  injury  to 
its  mechanical  condition,  the  Swedish  Turnip  is  the  predominant  root. 
In  the  north  east  and  east  of  Scotland,  on  the  other  hand,  several 
varieties  of  Yellow  Common  Turnips  are  grown  in  much  larger  propor- 
tion, and  a  large  amount  of  leaf  is  not  recognised  as  a  disadvantage. 
And  here  it  may  be  observed,  that  the  higher  the  nitrogenous  manuring, 
and  the  heavier  the  soil,  the  greater  is  the  tendency  to  produce  a  large 
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amoant  of  leaf.  Farther,  as  a  rale,  the  larger  the  amoant  of  leaf 
remaiiiing  vigoroos  at  the  time  the  crop  is  taken  up,  the  less  fally  ripe 
will  be  the  roots ;  and,  within  limits,  it  is  desirable  with  a  view  to  the 
storing  qualities  of  the  root,  that  it  should  not  be  too  ripe. 

After  the  four  crops  of  Swedish  Turnips  had  been  taken  from  the 
land,  barley  was  grown  for  three  years  in  succession  without  any 
manure,  in  order,  as  far  as  possible,  to  equalise  the  condition  of  the 
various  plots,  as  affected  by  the  previous  manuring. 

It  mH  suflBce  to  say  that  the  results  clearly  showed  that  there  had 
been  accumulation  where  rape-cake  had  been  applied. 

Then,  for  five  years  in  succession  (1856-60),  Swedish  Turnips  were 
again  grown  on  the  comparatively  exhausted  plots,  much  on  the  same 
plan  as  before,  but  with  smaller  amounts  of  nitrogen  supplied.  No 
special  interest  attaches  to  the  results  over  these  five  years  for  our 
present  purpose. 

I  now  pass  to  the  consideration  of  the  average  results  obtained  over 
the  next  ten  years,  1861-1870,  again  with  Swedish  Turnips.  During 
this  period  larger  quantities  of  nitrogen  were  again  applied ;  but  for 
mineral  manure  superphosphate  of  lime  was  used  alone,  that  is  without 
any  further  addition  of  either  potash,  soda,  or  magnesia.     The  average 

Produce  per  acre  on  the  different  plots  over  the  10  years  is  given  in 
'able  VI. 


TABLE  VI. 

SWXDISH  Tu]uriF& 
Chrofon  year  afUr  year  on  the  eame  land^  Barf^/ield,  Bothamtted. 

Besults  showing  the  effecta  of  exhaustion  and  Manures. 

Mean  of  ten  seasons,  1861 -'70.      Manures  and  Produce  per  acre  per  annum. 


SERIES  1. 

No 

Nitrogenous 

Manure. 


SERIES  2. 

Sodium 
Nitrate 

«  86  lbs. 

Nitrogen. 


SERIES  3. 

Ammonium 

Salts 

«  86  lbs. 

Nitrogen. 


SERIES  4. 

Ammonium 

Salts  and 

Rape  Cake 

»  184  lbs. 

Nitrogen. 


SERIES  5. 

Rape  Cake 
»  981be. 
Nitrogen. 


WrrHouT  MiNXRAL  Manurb. 

Roots 

Leaves 

Tons.  Cwts. 
0      11 
0       3 

Tons.  Cwts. 
1         1 
0        5 

Tons.  Cwts. 
0      13 
0       3 

Tons.  Cwts. 
4        9 
1        0 

Tons.  Cwts. 
4      16 
0      18 

Total  ... 

0      14 

1        6 

0      16 

5        9 

5      13 

With  Supkrphosphate  oi 

■  Limb  (PloU 

4,  6,  and  6). 

Roots 

Leaves 

2       9 
0       9 

5       8 
1        0 

4       9 
0      17 

7       9 
1      14 

6 

1 

8 
3 

Total  ... 

2      18 

6       8 

5       6 

9       3 

7 

11 
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The  results  of  these  experiments  are  little  more  than  confirmatory 
of  those  which  have  gone  before ;  but  the  amounts  of  produce  are 
throughout  on  a  lower  level.  This  can  only  in  part  be  attributed  to 
the  exclusion  of  potash  from  the  manures.  It  is  doubtless  mainly  due  to 
the  incidental  circumstance  that  in  growing  the  same  description  of 
crop,  with  the  same  comparatively  limited  and  superficial  root-range,  for 
so  many  years  in  succession,  the  surface  soil  became  less  easily  worked, 
and  the  tilth,  so  important  for  turnips,  was  frequently  unsatisfactory ; 
whilst  for  want  of  variety  and  depth  of  root-range  of  the  crop,  a 
somewhat  impervious  pan  was  formed  below. 

This  fact  is,  however,  of  itself  of  considerable  interest,  as  indicating 
one  important  and  very  beneficial  influence  of  a  rotation  of  crops. 
Indeed,  we  shall  presently  see,  that  even  the  change  to  another  descrip- 
tion of  root-crop,  with  a  totally  different  and  much  more  extended 
root-range,  is  accompanied  with  a  much  increased  production  over  a 
given  area  by  the  use  of  the  same  manures. 

Looking  to  the  Table  (VI.),  it  is  seen  that  there  are  now  five  series 
of  Plots  instead  of  only  four ;  nitrate  of  soda  being  applied  on  series 
2,  in  amount  supplying  the  same  quantity  of  nitrogen  as  in  the 
ammonium-salts  on  series  3.  The  result  is  a  greater  produce  of  both 
root  and  leaf  than  with  the  ammonium-salts. 

The  superphosphate  alone  (see  lower  division  of  column  1)  gives 
less  produce  than  the  mineral  manures  in  the  series  of  four  years 
before  considered,  doubtless  to  a  great  extent  owing  to  the  still 
further  exhaustion  of  the  available  nitrogen  of  the  surface  soil.  In 
fact  the  surface  soils  in  question  showed,  on  analysis,  lower  percentages 
of  nitrogen  than  those  of  any  other  experimental  field  at  Kothamsted 
— a  result  which  is  quite  consistent  with  the  fact  of  the  large  amount 
of  feeding-root  distributed  through  the  surface  soil  by  the  growing 
turnip. 

Again,  consistently  with  this  supposition,  and  with  the  results  that 
have  gone  before,  there  is  still  very  marked,  but  somewhat  reduced 
effect,  from  all  the  nitrogenous  manures ;  and  again,  the  amount  of  leaf 
is  very  small,  but  it  is  the  greater  the  higher  the  nitrogenous  manuring, 
and  the  greater  the  luxuriance  of  growth. 

Table  VII.  shows  the  proportion  of  leaf  to  1000  of  root;  also  the 
percentages  of  dry  matter,  and  of  nitrogen  and  mineral  matter  in  the 
dry  matter ;  and,  as  before,  the  amounts  of  each  per  acre,  in  the  roots 
and  in  the  leaves. 

With  the  soil  gradually  becoming  closer,  and  less  favourable  for 
root  development,  the  proportion  of  leaf  to  root  is  somewhat  higher. 

It  should  be  explained  that  the  percentages  given  in  parentheses  are 
not  the  results  of  direct  determinations  in  each  particular  case,  but  are 
deduced  from  comparable  results.  They  are,  however,  undoubtedly 
near  enough  to  the  truth  for  the  purpose  of  the  present  illustrations. 

Again,  we  see  the  much  higher  percentage  of  dry  substance  in  the 
leaf  thau  in  the  root ;  also  much  higher  percentages  of  nitrogen,  and 
of  total  mineral  matter,  in  the  dry  substance  of  the  leaf. 
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TABLE  VIL 

Swedish  Turnips. 

Oroum  year  afUr  ytcar  on  the  same  land,  Barr^fiM,  Rothanuted. 

Proportion  of  leaf  to  root,  and  selected  oonstitaents  in  root  and  leaf, 

Per  cent,  and  per  acre. 

Mean  of  Plots  4,  5,  and  6  ;  ten  years,  1861-1870. 


SERIES  1. 


No 

Nitrogenous 

Manure. 


SERIES  2. 

Sodium 
Nitrate 

»  861lw. 

Nitrogen. 


SERIES  8. 

Ammonium 

Salts 
s  86  lbs. 
Nitrogen. 


SERIES  4. 
Ammonium 

Salts  and 
Rape  Cake 

»  184  lbs. 

Nitrogen. 


SERIES  5. 

Rape  Cake 
s»  98  lbs. 
Nitarogen. 


Lbav  to  1000  Root. 


184 


185 


191 


228 


180 


Pee  cent. 

Dry          J  In  root 
Matter  }  In  leaf 

12  04 
14-93 

11-01 
14-46 

11-32 
14-24 

10-94 
13-78 

10-83 
14-66 

Nitrogen  { In  root 

in  Dry  ]  In  leaf 

(1-40) 
(3-95) 

(1-69) 
(4-07) 

(1-69) 
(4-07) 

(2-19) 
(4-11) 

(1-84) 
(4-00) 

Mineral    ( In  root 

in  Dry  )  In  leaf 

4-55 
11 -b4 

5-38 
10-62 

4-71 
12-23 

6-10 
11-54 

5-08 
11-27 

Per  Acre,  lbs. 

^     In  root 

^J  1  In  leaf 

629 
146 

1285 
320 

1084 
268 

1777 
498 

1511 
376 

S  ( Leaf  +  or  —  root 

-  483 

-  965 

-  816 

-1279 

-  1135 

g  (  In  root 

^)  In  leaf 

1  ) 

g  (  Leaf  +  or  —  root 

8-8 
5-8 

21-7 
130 

18-3 
10-9 

38-9 
20-5 

27-8 
151 

-   3-0 

-    8-7 

-    7-4 

-  18-4 

-  12-7 

-a  >;  (  In  root 

%S  )  In  leaf 

28-9 
16-8 

71  1 
331 

53-6 
32-5 

94-2 
67 -6 

76-6 
41-9 

JS  S  (  Leaf  +  or  —  root 

-  12-1 

-38-0 

-21-1 

-36-7 

-347 

Looking  to  the  lower  division  of  the  Table,  it  is  seen  that  there  is 
here  again,  under  all  conditions  of  manuring,  much  more  solid  matter 
per  acre,  in  the  root  than  in  the  leaf.  There  is  also  more  nitrogen,  and 
more  total  mineral  matter,  accumulated  in  the  root ;  though  the  pro- 
portion of  the  nitrogen  which  is  accumulated  in  the  leaf  is  higher  tnan 
in  the  previous  experiments. 

EXPERIMENTS  WTTH  SWEDISH  TURNIPS  IN  ROTATION. 

I  have  now  to  call  attention  to  illustrations  drawn  from  results  of 
experiments  in  which  Swedish  Turnips  were  grown  under  conditions 
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much  moriB  nearly  allied  to  those  of  their  cultivation  in  ordinary  farm 
practice,  namely,  when  grown  in  the  ordinary  four-course  rotation  of — 
roots  ;  barley ;  clover,  beans,  or  fallow  ;  and  wheat. 

The  experiments  in  question  commenced  in  1848,  and  they  are  still 
in  progress,  so  that  the  tenth  course  of  four  years  each,  making  40 
years  in  all,  is  completed  with  the  harvest  of  this  year — 1887 ;  and  the 
tenth  season  of  turnips  was  in  1884. 

The  area  under  experiment  is  two  and  a  half  acres,  divided  into 
three  main  divisions,  respectively  under  the  following  conditions  as  to 
manuring : — 

1. — Unmanured  from  the  commencement. 

2. — Superphosphate  of  lime  alone,   applied  only  for  the  turnip- 
crop,   commencing  each  course;    that  is  once  every  four 
years.    For  the  tenth  course,  however,  salts  of  potash,  soda, 
and  magnesia,  have  been  applied  as  well  as  superphosphate. 
3.— A  complex  manure,  only  applied  every  fourth  year,  that  is  for 
the  turnip  crop,  and  comprising  superphosphate  of  lime, 
salts  of  potash,  soda,  and  magnesia,  ammonium-salts,  and 
rape-cake,  and  supplying  about  140  lbs.   of  nitrogen  per 
acre  for  each  course. 
This  complex  manure  was  designed  to  be,  in  a  great  measure,  a 
substitute  for  farm-yard  manure,  and  was  used  instead  of  it,  in  order 
that  the  amount  of  the  different  constituents  supplied  might  be  more 
accurately  known. 

It  should  be  further  explained  that,  from  one-half  of  each  of  the 
three  plots,  the  turnips,  with  their  leaves,  were  carted  off  the  land, 
whilst  they  were  consumed  by  sheep  (or  cut  and  spread)  on  the  other 
half. 

Table  VIIL  shows  the  produce  of  Swedish  Turnips,  roots,  leaves, 
and  total,  on  each  of  the  two  portions  of  each  of  the  differently 
manured  plots  each  year. 

The  first  point  to  remark  is  that,  excepting  in  the  first  year,  when 
the  land  was  in  somewhat  high  condition,  the  produce  of  roots  without 
manure  was,  even  in  rotation,  quite  insignificant — ^not  amounting  to  an 
average  of  1  ton  per  acre  over  the  subsequent  years. 

Superphosphate  of  lime  alone  gives  much  more— on  the  average, 
from  eight  to  nine  tons  per  acre. 

This  great  increase  is  due  largely  to  the  very  great  development  of 
feeding  root  within  the  surface  soil  under  the  influence  of  the  phos})hatic 
manure;  and  the  necessary  nitrogen,  beyond  the  small  amount  of 
combined  nitrogen  annually  coming  down  in  rain  and  the  minor 
aqueous  deposits  from  the  atmosphere,  has  doubtless  been  gathered, 
under  the  influence  of  this  increased  root  development,  from  the 
previous  accumulations  within  the  soil  itself. 

By  the  complex  manure,  however,  supplying,  besides  phosphate, 
other  mineral  constituents,  and  also  a  large  amount  of  nitrogen,  the 
crops  are  still  further  much  increased.  There  were,  indeed,  ia  several 
cases  about,  or  more  than,  20  tons  of  roots  per  acre. 

c 
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TABLE  Vra. 

Swedish  Turnips. 

Qrown  infour-ocnir9t  rotation,  Tumipe,  Barley,  Clover  wr  Beans,  and  Wheals 

AgdeU  Field,  BothamaUd. 

Ten  CoarseB.     Manured  for  the  Tamips  only. 

QUAMTITIES  PER  ACRE. 


Carted  off  the  Land. 


Un- 
manured. 


Super- 
phosphate. 

(1) 


Mixed 
Manure. 


Fed  on  the  Land. 


Un- 
manured. 


Super- 
phosphate. 

(1) 


Mixed 

Manure. 


Roots. 


Tons.  Cwta. 

Tons.  Cwts. 

Tons.  Cwts. 

Tons.  Cwts. 

Tons.  Cwts. 

Tons.  Cwto. 

1848 

8  15i 

14  12 

19  14| 

8  171 

17   5 

21   9 

1852 

1   6 

11   3i 

19  16^ 

0  194 

12  104 

19   6 

1856 

1  12 

6  16 

16  13| 

1  ot 

9  16 

17  H 

1860 

0   1 

1   9i 

4   74 

0   1 

1  18i 

3  12 

1864 

0   8| 

3   8 

8  16i 

0   84 

3  18f 

8   84 

1868 

Crop  failed 

1872 

1  14J 

8  lOg 

16  19J 

1   91 

9  104 

16  10 

1876 

0  17i 

9  Si 

17  16 

1   1 

11   51 

17  19i 

1880 

0  14 

9  ]9i 

21  19i 

1   1 

11   3S 

22  6i 

1884 

0   5 

8  13i 

14   61 

0  12 

10   6 

14   Of 

If  eans  of  9 ) 
CooTses  ) 

1  14J 

8   4i 

15  12i 

1  144 

9  14} 

15  121 

Leatbs. 


1848 

0  191 

1 

15 

2 

6J 

1   04 

1 

19i 

2   62 

1852 

0   44 

1 

04 

1 

164 

0  34 

1 

2 

1  13 

1856 

0   24 

0 

74 

0 

124 

0  14 

0 

144 

0  11} 

1860 

(64  lbs.) 

0 

14 

0 

34 

(5  lbs.) 

0 

If 

0  44 

1864 

0   0| 

0 

H 

0 

8i 

0   ] 

0 

4f 

0   82 

1868 

Crop  fidled. 

1872 

0   8| 

0 

178 

1 

15f 

0   7f 

0 

194 

1  19 

1876 

0   5 

1 

84 

2 

154 

0   5 

1 

74 

3   3 

1880 

0  24 

0 

llf 

2 

34 

0   3 

0 

11 

1  18i 

1884 

0   3| 

1 

04 

3 

34 

0   5 

1 

3 

3   3i 

Means  of  9) 
Cooraes 

0  54 

0 

164 

1 

13J 

0  54 

0 

184 

1  14i 

Total  Produce. 


1848 

9  15 

16   7 

22 

1 

9 

184 

19 

4i 

23  15i 

1852 

1  104 

12   34 

21 

13 

1 

2 

13 

124 

20  19 

1856 

1  144 

7   34 

17 

64 

1 

1 

10 

104 

17  13 

1860 

0   1 

1  lOi 

4 

10! 

0 

1 

2 

04 

3  164 

1864 

0  94 

3  12i 

9 

5 

0 

94 

4 

34 

8  174 

1868 

Croplkiled. 

1872 

2   2} 

9   8 

18 

15ft 

1 

174 

10 

10 

18   9 

1876 

1   24 

10  16i 

20 

114 

1 

6 

12 

134 

21   24 

1880 

0  164 

10  114 

24 

n 

1 

4 

11 

14} 

24   6 

1884 

0   84 

9  134 

17 

10 

0 

17 

11 

9 

17   44 

Means  of  9 1 
Courses  f 

2   0 

9   Oi 

17 

64 

1 

191 

10 

134 

17   6f 

(^)  For  the  tenth  oourse,  salts  of  potash,  soda^  and  magnesia, 

as  well  as  superphosphate. 
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But^  under  each  condition  as  to  manuring,  there  is  very  great 
variation  in  amount  of  growth  from  year  to  year,  according  to  the 
characters  of  the  seasons.  In  1 868,  indeed,  the  crop  entirely  failed  on 
all  the  plots,  although  the  seed  was  sown  twice.  Again,  whilst  the 
complex  manure  jdelded  about  22  tons  of  roots  in  1880,  the  very  same 
manure  gave  only  about  4  tons  in  1 860 ;  the  average  yield  over  the 
nine  years  being  about  15^  tons.  Against  this,  the  average  yield  by 
superphosphate  of  lime  alone  was  about  9  tons,  and  without  any 
manure  only  about  If  tons. 

With  regard  to  the  comparatively  large  amount  of  produce  by 
amperphosphate  of  lime  alone,  it  is  of  interest  to  state,  in  passing,  that 
there  is,  perhaps,  no  agricultural  practice  by  which  what  is  termed  the 
condition  of  land,  that  is  the  readily  available  fertility  due  to  recent 
accumulations,  can  be  to  so  great  an  extent  exhausted  by  one  crop,  as 
by  growing  turnips  by  superphosphate  of  lime  alone;  provided,  of 
course,  that  the  season  is  favourable. 

I  must  not  enter  into  any  detail  as  to  the  climatal  characters  of  the 
individual  seasons  yielding  such  very  different  amounts  of  produce; 
but  it  may  be  stated  that  the  results,  like  those  before  referred  to,  show 
that  not  only  a  considerable  amount,  but  considerable  continuity,  of 
rain  is  required  to  favour  the  continuous  accumulation  of  material  by 
these  succulent  crops,  whose  office  it  is  to  form  a  large  amount  of 
comparatively  crude  and  immature  products.  These  conditions  as  to 
moisture  being  fulfilled,  fairly  average,  or  even  rather  over  average 
temperatures  may  not  be  adverse,  provided  the  plant  has  secured  a 
good  start,  and  has  attained  a  fair  amount  of  vigour.  Under  the  same 
circumstances,  too,  lower  than  average  temperatures  may  still  be 
favourable  for  such  growth. 

Table  IX.  shows  for  these  Swedish  Turnips  grown  in  an  ordinary 
course  of  rotation,  on  the  same  plan  as  in  other  cases,  the  proportion  of 
leaf  to  root,  and  the  percentages,  and  the  amounts  per  acre,  of  dry 
matter,  and  of  certain  constituents  of  the  dry  matter,  in  the  root,  and 
in  the  leaf,  respectively ;  and  there  are  now  given,  besides  the 
percentages  and  the  amounts  per  acre,  of  nitrogen  and  of  total  mineral 
matter,  those  of  potash  and  of  phosphoric  acid  also. 

In  the  first  line  of  figures  it  is  seen  that  the  average  amount  of  leaf 
to  1000  root  is,  without  manure,  relatively  high,  there  being  practically 
no  root  development.  With  superphosphate  of  lime  alone,  there  was 
little  luxuriance,  but  special  tendency  to  root-formation,  and  the  pro- 
portion of  leaf  is  low.  With  the  mixed  (mineral  and  nitrogenous) 
manure,  and  great  luxuriance,  there  is  a  larger  proportion  of  leaf.  But 
in  all  cases  there  is  a  comparatively  small  proportion,  and  as  before 
very  mach  less  than  in  the  case  of  the  common  or  White  Turnip. 

In  the  next  division  of  the  Table  are  given  the  percentages  of  dry 
or  solid  matter  in  the  root  and  in  the  leaf;  and  the  percentages  of 
nitrogen,  total  mineral  constituents,  potash,  and  phosphoric  acid,  in  the 
dry  matter,  of  root  and  leal 

As  in  the  case  of  the  crop  when  grown  year  after  year  on  the  same 
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PtupottaoB.  of  leaf  to  rao^ 


off 


1818.  "Sfi;  ^  «^  ^ 


Wl"»OL 


1 

1.  : 

Mizad 

Lmaw  to  IfJOO  Root. 

ISO 

96 

1 

100 

^>nr  Matter       -  1 1^  i^rf  ; 

12-40 

1673 

11-39 
15-M 

lOiSl 
14-80 

^UiugeumDiy    JiBiarf! 

2*82 

3-90 

1« 
3-96 

8-32 
4-18 

Minenl  Matter     jlnnwl 
in  Dfj )  In  lof  . 

-     4-82 

12-91 

4-54 
ll-Oi 

5-66 
11-92 

PoiMk  m  Diy  —  {  i^  larf 

1-45 

2H» 

1^ 
173 

2-31 
2-9i 

Fhonlioric Add    flmoQi, 
in  Dfj 1  In  leal  . 

0-37 

0-55 

0-53 
0« 

0-58 
0-90 

Pn  AcuK,  Ifaa. 


Diy  Matter 


In  root ... 
In  leaf  ... 

Leaf  -I-  or  —  roott 

In  root ... 


* 


Leaf +  ar- 

'In  roo4 ... 
In  leaf  ...     . 


Leaf  +  or—  root 

'b  nwfc 

In  leaf 

Leaf  -I-  or  —  root 

In  roo4 

Inle^r 

Leaf  -I-  or  —  root 


504 


-    315 

^    -2002 

-3185 

11-6 

3-8 

40^ 
107 

81-8 
91-2 

-     7« 

-  29« 

,                        1 

-  60-6 

21-4 
12-0 

100-9 
31-0 

206  1 
597 

-    9^ 

-  69-9 

■ 

-145-4 

6-8 
1-9 

3I« 
i          4-S 

83-8 
147 

-     4-9 

-  a6« 

,    -  691 

17 
0-5 

;       ii« 

20-9 
4-5 

-     1-2 


-     9-4 
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land  by  aitificial  manures,  so  now  when  grown  only  once  in  four  years 
in  an  ordinary  course  of  rotation,  and  in  one  case  with  a  complex 
manure,  minenJ  and  organic,  and  including  a  liberal  silipply  of  nitrogen, 
thus  fairly  representing  farmyard  manure,  we  have  considerably  higher 
percentages  of  solid  matter  in  the  leaf  than  in  the  root.  We  have, 
also,  very  much  higher  percentages  of  nitrogen  and  of  total  mineral 
matter,  and  notably  higher  percentages  of  both  potash  and  phosphoric 
acid,  in  the  dry  matter  of  the  leaf  than  in  that  of  the  root. 

It  will  be  observed  that  the  unmanured  roots  and  leaves  show 
abnormally  high  percentages  of  dry  matter,  and  the  root<s  an  abnormally 
high  percentage  of  nitrogen  in  their  dry  substance.  The  percentage  of 
phosphoric  acid  in  the  diy  substance  of  both  leaf  and  root  was,  however, 
much  lower  than  in  either  of  the  other  experiments ;  and  as  the  next 
results  show,  it  was  largely  for  want  of  phosphoric  acid  that  the 
growth  was  so  restricted. 

The  crops  grown  by  superphosphate  of  lime  alone  would  be  fully 
ripe,  and  much  riper  than  those  grown  by  the  complex  manure,  and 
accordingly  both  root  and  leaf  show  higher  percentages  of  dry  substance; 
whilst,  owing  to  the  want  of  supply  of  any  nitrogen  by  manure,  the 
superphosphate  roots  contain  a  relatively  low  percentage  of  nitrogen 
in  their  dry  substance. 

The  amounts  of  constituents  per  acre,  in  root  and  leaf,  are  given  in  the 
lower  division  of  the  Table.  As  in  the  other  cases  with  Swedish  Turnips, 
there  is,  under  each  condition  of  manuring,  and  in  the  case  of  each  of 
the  constituents  enumerated,  very  much  more  per  acre  in  the  root  than 
in  the  leaf.  Leaving  the  results  without  manure  out  of  the  question, 
as  entirely  abnormal,  it  may  be  observed  that  whilst  the  total  produce 
(roots  and  leaves)  by  superphosphate  of  lime  alone,  contains  less  than 
23  cwts.  of  solid  matter  per  acre,  that  by  the  complex  manure  contains 
nearly  37^  cwts.  Of  the  total  solid  matter  per  acre,  rather  more  than 
f  ths  of  that  grown  by  superphosphate  of  lime  alone,  and  rather  more 
than  ^ths  of  the  larger  amount  grown  by  the  mixed  manure,  is 
accumulated  in  the  edible  roots. 

About  twice  as  much  nitrogen  was  accumulated  in  the  crop  grown 
by  the  complex  manure  which  supplied  it,  as  by  the  superphosphate  of 
lime  alone ;  and  in  each  case  about  f  ths  of  the  total  nitrogen  was  in 
fooiLproduct — the  root. 

There  was  also  very  much  more  of  total  mineral  constituents,  and 
especially  of  the  functionally  more  important  ones,  potash  and  phos- 

i>horic  acid,  taken  up  under  the  influence  of  the  full  supply,  and  more 
uxuriant  growth ;  and,  of  each  of  these,  several  times  as  much  was 
contained  in  the  root  as  in  the  leaf. 

These  further  illustrations  in  regard  to  Swedish  turnips,  therefore 
fully  confirm  those  which  have  gone  before,  in  showing  that  a  very 
much  larger  proportion  of  the  substance  grown  is  accumulated  in  the 
root  than  in  the  leaf,  than  is  the  case  with  the  common  turnips.  In 
fact,  all  the  evidence  goes  to  show  that  whilst  in  the  case  of  the 
common  turnips  a  very  large  amount  of  the  matter  grown  only  serves 
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for  manure  again,  in  that  of  the  Swedish  turnips  a  very  smaQ  proportion 
of  the  produce  is  useless  as  food  for  stock. 

BXPSRIMSNTS  WITH  MANGEL  WURZEL. 

I  have  now  to  direct  attention  to  root-crops  of  very  different 
characteristics  from  those  of  the  crops  contributed  by  the  Natural 
Order  Cruciferae,  and  the  genus  Brasdca,  namely,  to  a  variety  of  the 
Beta  vulgaris,  of  the  Natural  Order  Ghenopodiaoe». 

To  this  Order,  and  to  this  species,  we  owe  the  many  varieties 
of  feeding  beet  or  Mangel-wurzel,  and  also  many  varieties  of  the 
Sugar-beet  As  the  Mangel-wurzel  is  a  very  important  agricultural 
crop  in  this  country,  whilst  the  Sugar-beet  is  not,  I  shall  only  consider 
in  any  detail  the  results  relating  to  the  Mangel. 

The  results  with  both  crops  were  obtained  in  the  same  field  and  on 
the  same  plots  as  those  on  which,  first  Norfolk  Whites,  and  afterwards 
Swedish  Turnips,  were  grown  year  after  year  on  the  same  land,  without 
manure,  and  with  different  descriptions  of  manure. 

The  last  series  of  Swedish  Turnips  grovm  in  that  field  were  in  the 
ten  years  1861-1870  j  and  it  has  been  stated  that  by  the  continuous 
growth  of  the  one  description  of  crop,  with  one  character  and  range 
of  roots,  the  surface  soil  had  become  close,  and  a  somewhat  impervious 
an  was  formed  below  it  After  this  the  land  was  ploughed  more 
eeply,  and  Sugar-beet  was  grown  for  five  years  in  succession — 1871  to 
1875  indusiva  Since  then,  commencing  in  1876,  and  continuix^ 
every  year  up  to  the  present  time,  1887,  a  period  of  12  years,  Mangef 
wurzel  has  been  taken.  It  is  from  results  obtained  in  the  field  during 
the  first  eight  years,  and  in  the  Laboratory  during  shorter  periods,  that 
I  shall  now  draw  my  illustrations. 

Table  X.  shows,  in  the  same  form  as  previously  for  the  Turnips 
grown  in  the  same  field,  the  manures  applied  per  acre  per  annum,  and 
the  average  produce  per  acre  per  annum,  on  each  plot,  over  the  eight 
years  1876  to  1883  inclusive. 

It  will  be  seen  that  results  are  now  given  for  six  instead  of  for  only 
four  main  plots;  those  for  two  plots  with  farm-yard  manure  being 
added.  Each  main  plot  is,  as  before,  divided  into  five.  The  first 
column  gives  the  results  where  no  cross-dressings  of  artificial  nitrogenous 
manure  were  used.  The  second  those  obtained  with  a  cross-dressing  of 
nitrate  of  soda  in  addition ;  the  third  with  ammonium>salts  in  addition  ; 
the  fourth  with  ammonium-salts  and  rape-cake  added;  and  the  fifth 
with  rape-cake  only  added.  The  upper  division  shows  the  produce  of 
roots,  the  middle  division  that  of  the  leaves,  and  the  lower  division  the 
total  produce,  roots  and  leaves  together. 

A  glance  at  the  Table  (X.)  shows  that  the  produce  of  roots  of  the 
Mangel-wurzel,  where  nitrogenous  manures  were  applied,  is  on  a  much 
higher  level  than  that  of  either  common  or  Swedish  Turnips;  and  there 
is  also  much  more  leaf.  Speaking  generally,  there  is  about  twice  as 
much  produce  of  roots  per  acre  as  there  was  of  Swedish  Turnips  with 
the  same  numures  on  the  same  plots,  and  the  quantity  of  leaf  is  more 
than  twice  as  great 
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TABLE  X. 

Manobl  Wttbzvl. 

Qrcvm  year  after  year  on  the  same  land,  Barnfield,  Bothamgted, 

Results  showing  the  effects  of  exhaustion  and  manures. 

Means  for  8  seasons,  1876-'83.         Manures  and  Produce  per  acre  per  annum. 


Plot 
Nob. 


SERIES  1. 

No 
Arttflcial 
Nitrogen- 
ous 
Manure. 


SERIES  2. 

Sodium 
Nitrate 

»861bB. 

Nitrogen. 


SERIES  3. 

Ammo- 
nium 
Salts 

=  861be. 

Nitrogen. 


SERIES  4. 

Ammo- 
nium 
Salts  and 
Rape  Cake 
s  184  lbs. 
Nitrogen. 


SERIES  5. 


Rape  Cake 
Nitrogen. 


Roots. 


1 
2i 


3 
6 

6 

4 


Farmyard  Manure     ... 
Farmyard    Manure    and    ) 
Superphosphate ...         ) 
No  Mineral  Manure  .. 
Superphosphate         


Superphosphate  and  Potas- ) 
sium  Sulphate  ) 

Superphos.,  rot.,  and  Mag- 
nesium Sulphates,  and 
Sodium  Chloride 


I 


Means  of  6  and  4... 


Tns.  cwts. 
15    10 

Tns.  cwts. 
21      9 

Tn«. 
22 

cwts. 
6 

Tns.  cwts. 
25      1 

15    13 

23    10 

22 

1 

24    13 

4  9 

5  2 

13    17 

16  18 

17  9 

7 
9 

7 
10 

11  7 

12  8 

4    10 

14 

15 

22    10 

5    14 

19    10 

16 

1 

25    14 

5      2 

18    10 

15 

8 

24      2 

Tns.  cwts. 
22      8 

22     17 

11  6 

12  17 


17    14 


19    13 


18    14 


Leaves. 


1 

3 
5 

Farmyard  Manure     ... 
Farmyard    Manure    and    ) 
Superphosphate...         J 

No  Mineral  Manure 

Superphosphate          

Superphosphate  and  Potas- ) 
Aium  Sulphate    ... 

Superphos.,  Pot.,  and  Mag- ) 
nesium  Sulphates,  and  > 
Sodium  Chloride  ..         1 

Means  of  6  and  4... 

2    16 

2    12 

1      0 
1      0 

4      2 

4    12 

3      5 
3      8 

5      4 

5      8 

3      0 
3      4 

6      5 
6      5 

4      2 

4      7 

3  19 

4  0 

2  18 

3  3 

6{ 
4 

0  18 

1  2 

3      2 
3     14 

2    15 
2    15 

5      8 
5      4 

2  14 

3  1 

1      0 

3      8 

2    15 

5      6 

2    17 

Total  Produce  (RooTfi 

1  ANI 

>  Leaves). 

1 

^1 

3 

5 

Farmyard  Manure     

Farmyard    Manure    and     ) 
Superphosphate ...         i 

No  Mineral  Manure 

Superphosphate         

Superphosphate  and  Potas- ) 
sium  Sulphate    ...         ) 

Superphos.,  Pot,,  and  Mag- 1 

,    nesium  Sulphates,  and  ? 

Sodium  Chloride            ) 

Means  of  6  and 4... 

18 

18 

5 
6 

6 

5 

9 
2 

25 

28 

17 
20 

11 

2 

2 
6 

27 
27 

10 
12 

10 

9 

7 
14 

31 

30 

15 
16 

6 

18 

9 
15 

26  7 
26    17 

14  4 
16      0 

•1 
'1 

5 
6 

8 
16 

20 
23 

11 

4 

17 
18 

10 
16 

27 
30 

18 
18 

20  8 
22    14 

6 

2 

21 

18 

18 

3 

29 

8 

21     11 
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The  Man^l  seed  is  sown  earlier,  and  the  plant  has  a  longer  period 
of  growth.  It  has  a  much  more  deeplj  penetrating  tap  root,  throws 
out  a  less  proportion  of  its  feeding  roots  near  the  surface,  and  exposes  a 
comparatively  large  area  of  leaf  to  the  atmosphere.  With  its  more 
extended  root-range,  it  is  less  dependent  on  continuity  of  rain  when 
growth  is  once  well  established ;  and  it  bears  or  rather  requires  for  full 
growth,  a  higher  temperature  than  the  turnip.  The  midland,  eastern^ 
and  southern  divisions  of  the  country  are  therefore  much  more  suitable 
for  the  crop  than  the  north-west  or  north  of  England,  or  than  Scotland, 
where  it  is  comparatively  little  grown.  But,  where  the  soil  and  climate 
are  suitable,  very  much  larger  crops  can  be  obtained  than  of  Turnips. 
The  Mangel  requires,  however,  very  heavy  dressings  of  farm-yard 
manure  if  it  is  to  yield  full  crops. 

The  Table  X.  (p.  21)  shows  that  with  farm-yard  manure  alone,  at  the 
rate  of  14  tons  per  acre  per  annum,  there  was  an  average  produce  of 
about  151  tons  of  roots  per  acre,  and  that  the  addition  of  superphos- 
phate of  lime  increased  it  very  little.  This  result  compared  with  that 
obtained  with  Turnips  is  quite  consistent  with  the  difference  in 
the  character  and  range  of  the  feeding-roots  of  the  two  crops ;  and  it  is 
also  quite  accordant  with  common  experience,  which  has  shown  that 
superphosphate  is  very  much  less  generally  beneficial  when  applied  to 
Mangels. 

Notwithstanding  the  amount  of  farm-yard  manure  employed  would 
supply  annually  about  200  lbs.  of  nitrogen  per  acre,  it  is  seen  that  the 
addition  of  specially  nitrogenous  manures  greatly  increases  the  crops  ; 
and  where  the  nitrogen  is  applied  in  the  very  rapidly  available  condition 
as  in  nitrate  of  soda,  superphosphate  of  lime  is  not  without  effectw  In 
the  nitrate  of  soda  or  anmionium-salts,  86  lbs.  of  nitrogen  is  supplied 
per  acre  annually,  and  the  crops  are  increased  by  nearly  one-half. 
Where  rather  more  nitrogen  is  applied,  in  rape-cake,  in  which  however 
it  exists  in  a  less  rapidly  available  condition,  the  amount  of  increase  is 
much  the  same  as  with  the  nitrate  or  the  ammonium-salts ;  but  with  the 
rape-cake  there  will  be  more  unexhausted  residue  remaining  in  the  soil. 

Where  both  rape-cake  and  ammonium-salts  are  used  in  addition  to 
the  farm-yard  manure,  there  is  an  average  of  about  25  tons  of  roots 
per  acre  per  annum  over  the  eight  years. 

Without  manure,  or  with  purely  mineral  manures,  the  produce  of 
this  more  powerfully  rooting  plant  is  much  higher  than  was  previously 
obtained  with  Swedish  Turnips  on  the  same  plots,  notwithstanding  that 
the  land  had  become  more  exhausted  so  far  as  nitrogen  is  concerned. 

The  addition  of  the  nitrogenous  to  the  minenu  manures  in  some 
cases  more  than  quadrupled  the  produce.  A  given  quantity  of  nitroeen 
in  the  more  rapidly  available  condition,  as  in  nitrate  of  soda,  yielded 
more  increase  of  crop  than  the  same  amount  as  ammonium-salts. 

With  the  comparatively  limited  growth  of  turnips,  potash  manures 
had  little  effect;  but  here,  after  years  of  further  exhaustion  of  the 
potash  within  the  soil  itself,  and  with  so  much  more  vegetable  matter 
produced,  the  deficiency  of  potash  where  it  has  not  been  applied  is 
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rendered  very  obvious  by  the  much  less  produce  obtained  where  super- 
phosphate was  used  without  potash,  than  where  potash  was  also  supplied 
m  the  manure. 

Even  with  the  artificial  manures,  the  average  produce  in  several 
cases  approaches  20  tons  of  roots  per  acre;  in  one  case  where 
the  largest  amount  of  nitrogen  was  employed  there  was  an  average  of 
22^  tons,  and  in  another  of  nearly  25|  tons  per  acre  per  annum. 

Attention  will  be  called  to  the  proportion  of  leaf  to  root  further 
on,  but  before  passing  from  Table  X.  it  should  be  noticed  that  the 
actual  quantity  of  leaf  per  acre  is  comparatively  large.  Thus  it 
amounts,  on  some  of  the  farm-yard  manure  plots,  to  five  or  six  tons,  or 
even  more,  which,  for  the  most  part,  returns  to  the  land  at  once  as 
manure. 

Lastly,  on  several  plots,  there  was  an  average  annual  total  produce, 
root  and  leaf  together,  of  more  than  30  tons.  The  very  great  power 
of  utilising  manure  and  producing  vegetable  substance  possessed  by  the 
Mangel  is  thus  strikingly  illustrated.  Indeed,  the  results  amply 
demonstrate  that,  great  as  is  the  capability  of  luxuriance  of  the  plant,  its 
fhll  development  is  pre-eminently  dependent  on  large  supplies  by  manure. 

It  has  been  assumed  by  some,  however,  that  by  virtue  of  the  large 
amount  of  leaf-surface  which  root  crops  expose  to  the  atmosphere,  they 
are  enabled  to  obtain  a  large  amount  of  their  nitrogen  from  that  source. 
It  is  further  assumed  that,  if  a  small  quantity  of  nitrogenous  manure 
is  supplied,  so  as  to  favour  the  early  development  of  the  plant,  it  will 
then  obtain  the  remainder  from  the  atmosphere.  The  results  given  in 
Table  XI.  afford  pretty  conclusive  evidence  against  such  a  view. 

There  is  there  given  the  average  produce  of  Mangel-wurzel,  roots 
and  leaves,  over  five  years  :— 

1.— By  superphosphate  of  lime  and  potassium  sulphate. 
2. — By  the  same  mineral  manures,  with,  in  addition,  ammonium- 
salts,  supplying  7 '8  lbs.  nitrogen  per  acre  per  annum. 
3.— The  same  minend  manures,  and  ammonium-salts,  supplying 
86  lbs.  nitrogen  per  acre  per  annum. 

TABLE  XI. 

Mangel  Wubzbl. 

Manures  and  Prodnce  per  aore  per  annam.    Five  years,  1876-1880. 


Boots. 


Lkavbs. 


Total. 


1.  Saperpho6phate  of  lime  and  Fotaasiaml 

Sulphate    ...        ...  / 

2.  As    1,    and    36^   Ibe.    Ammonium  Salts  1 

(>"  7'81bs.  Kitrogen)    / 

3.  As    1,    and   400  lbs.   Ammonium  Salts  ^ 

(i- 86  lbs.  Nitrogen)      / 


Tona.  cwts. 

Tons.  cwts. 

4    10 

1      0 

6      0 

1      6 

14      0 

2    16 

Tona.  cwts. 

6  10 

7  6 
16    16 


Thus,  tbe  annual  application  of  7*8  lbs.  of  nitrogen  has  increased 
the  crop  by  only  30  cwts.   of  roots  per  acre  per  annum ;  and  the 

D 
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incraaed  yidd  of  nitrogen  in  the  cit^  was  even  somewbat  less  than 
thai  supplied  in  the  manme.  The  application  of  86  lbs.  of  nitrogen, 
has,  however,  increased  the  crop  of  roots  bj  160  cwts.  more ;  or  by  190 
cwts.  inalL 

It  is  obvioos  firom  these  resnlts  that  the  application  of  the  small 
amoont  of  nitrogen  did  not  enable  the  plant  to  take  np  any  from  the 
atmosphere,  and  that  it  required  a  farther  sopply  of  nitrogen  by 
manure  to  obtain  a  further  increase  of  crop. 

It  is  true,  as  already  said,  that  a  small  amount  of  combined  nitrogen 
annually  comes  down  from  the  atmosphere  in  rain,  and  the  minor 
aqueous  deposits ;  but  it  cannot  be  doubted  that,  beyond  Uus,  the  source 
of  the  large  amount  of  nitrogen  of  root  crops  is  the  store  of  it  within 
the  soil,  whether  this  be  due  to  less  recent  accumulations,  or  to  direct 
supply  by  manure^  On  the  other  hand,  the  large  amounts  of  produce 
olrtiuned  by  the  aid  of  nitrogenous  manures,  on  plots  to  which  no 
carbonaceous  manure  has  been  applied  for  about  40  years,  is  evidence 
that  the  atmosphere  is  at  any  rate  the  chief^  if  not  the  exdusive 
source,  of  the  carbon  of  the  crops. 

Let  us  now  turn  to  the  question  of  the  actual  proportion  of  leaf  to 
root,  and  to  the  distribution  of  certain  constituents  in  the  root  and  the 
leaf,  respectively. 

The  results  relating  to  these  points  will  be  found  in  Table  XlL 

The  first  line  of  ^gnres  shows  that  the  proportion  of  leaf  to  1000 
root  ranged  from  175  to  243,  and  that  it  was  the  highest  with  the 
highest  nitrogenous  manure,  and  greatest  luxurianca  The  proportion 
of  leal  is  thus  considerably  higher  than  in  the  case  of  Swedidi  turnips, 
but  very  much  lower  than  with  common  turnips.  Although  each 
of  the  various  descriptions  of  root  has,  so  to  speak,  its  own  range  as  to 
proportion  of  leaf,  yet  with  the  same  description  there  will  generally 
oe  the  more,  the  heavier  the  soil,  the  wetter  the  season,  and  the  higher 
the  nitrogenous  manuring.  The  proportion  will  also  be  higher  the  less 
matured  the  crop  at  the  time  of  taking  up. 

Referring  now  to  the  percentage  composition  of  the  Mangel  root 
and  leaf,  it  is  to  be  observed  that  whilst  with  Turnips  there  was  a  much 
higher  percentage  of  solid  matter  in  the  leaf  than  in  the  root,  there  is, 
in  Mangels,  a  considerably  higher  percentage  in  the  root  than  in  the 
leal  The  percentage  of  dry  or  solid  substance  in  the  Mangel  root  is, 
in  hct,  considerably  higher  than  that  in  the  Swedish  turnip  root,  whilst 
the  percentage  in  the  Mangel  leaf  is  much  lower  than  in  the  Turnip 
lea£  Tlie  question  suggests  itself,  how  far  this  may  be  due  to  more 
complete  exhaustion  of  the  leaf  in  the  accumulation  of  the  larger 
amount  of  reserve  material  in  the  root  1 

The  percentage  of  nitrogen  in  the  dry  substance  of  the  root,  is 
much  the  higher,  the  higher  the  nitrogenous  manuring ;  and  it  will  be 
seen  farther  on  that,  beyond  comparatively  narrow  limits,  a  high 
percentage  of  nitrogen  may  even  be  a  disadvantage,  so  far  as  the 
feeding  quality  of  the  root  is  concerned.  As  in  the  case  of  the  Turnips, 
the  percentage  of  nitrogen  is  very  much  higher  in  the  dry  substance  of 
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the  leaf  than  in  that  of  the  root ;  and  it  is  as  a  rule  the  higher  in  the 
leaf  the  less  mature  the  root. 


TABLE  XIL 

Makoel  Wurzel. 
Qrown  year  after  year  on  the  same  land,  Bam^field,  Sathamsted, 

Proportion  of  leaf  to  root,  and  selected  oonstitaenta  in  root  and  leaf, 

Per  oent.  and  per  acre. 

Means  of  Plots  4,  5,  and  6.    Six  years,  1878-1883. 


SERIES  1. 


No 

NitrogenooB 

Manure. 


SERIES  2. 

Sodium 
Nitrate 

=  861ba. 

Nitrogen. 


SERIES  S. 

Ammonlnm 

Salts 
B  86  lbs. 
Nitrogen. 


SERIES  4. 

Ammoniiun 

Salts  and 

Rape  Cake 

s  184  Ibe. 

Nitrogen. 


SERIES  6. 

Rape  Cake 
=  9811m. 
Nitrogen. 


Leaf  to  1000  Boor. 


200 


183 


217 


243 


176 


Pbb  cent. 


Dry         /In  root 

Mattertin  leaf 

14-99 
10-43 

12-52 
9-77 

13-70 
10-06 

12-79 
1010 

13*66 
10-92 

Nitrogen/  In  root 

inDry\ln  leaf 

0-88 
2*55 

1-39 
2-94 

1-26* 
2-86 

1-64 
3-29 

1*26 
2-88 

Mineral   (j^  ,,^. 

MatterJJ^^* 

in  Dry  V*^^^ 

5-48 
2016 

7  19 
19-68 

6-28 
19-66 

6-91 
19-21 

6-26 
18*65 

» 

Per  Acre,  lbs. 

^  1  In  root 

gijjinleaf 

S  1  Leaf  +  or  -  root 

l3  fin  root 

;|))lnleaf 

1504 
210 

4665 
663 

3823 
614 

5444 
1033 

4691 
667 

-  1294 

12-9 
5-4 

-  4002 

63-8 
19*5 

-  3209 

45-7 
17-6 

-4411 

84-7 
34-0 

-  4024 

57-7 
19-2 

s2  ( Leaf  +  or  —  root 

-3  ,:  (In  root 

i^  J  In  leaf 

II  1 

S  S  I  Leaf  +  or  —  root 

-     7-6 

81*1 
41-4 

-  44*3 

331-3 
130-2 

-   281 

2430 
119-6 

-   50-7 

379-6 
198-0 

-  38-6 

2921 
121-8 

-   89-7 

-  201*1 

-123-4 

-  181*5 

-  170-3 

It  is  remarkable  that  the  percentage  of  mineral  matter  is  about 
three  times  as  high  in  the  dry  substance  of  the  leaf  as  in  that  of  the 
root.  Further,  according  to  published  analyses  of  the  ash  of 
Mangel-root  and  Mangel-leaf,  the  ash  of  the  leaf  contains  a  much 
lower  percentage  of  potash,  but  about  the  same  percentage  of  phosphoric 
acid  as  that  of  the  root    But  owing  to  the  lower  percentage  of  organic 
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substance  in  the  leaf,  and  the  much  higher  percentage  of  ash  in  the 
dry  substance,  the  percentage  of  both  potash  and  phosphoric  add  will 
be  much  higher  in  the  dry  substance  of  the  leaf  than  in  that  of  the  root 

The  lower  division  of  the  Table  XII  (p.  25)  shows  that  the  amount 
of  diy  or  solid  substance  per  acre,  in  the  food-product  of  the  crop,  the 
root,  ranges  from  about  |rds  of  a  ton  without  nitrogenous  manure,  to 
2^rd  tons  with  the  highest  nitrogenous  manure ;  and  in  conjunction  with 
this  larger  amount  there  is  nearly  i  a  ton  of  drjr  substance  in  the  leaC 

We  have  here  a  striking  illustration  of  how  greatly  dependent  is 
the  amount  of  carbon  assimilated  from  the  atmosphere  over  a  given 
area,  on  the  amount  of  nitrogen  avaQable  to  the  plant  within  the  soil 
The  total  quantity  of  dry  substance  produced  by  the  highest  nitrogenons 
manure  was  nearly  three  tons  per  acre,  which  would  contain  consider- 
ably more  than  one  ton  of  carbon ;  indeed  the  amount  of  carbon 
assimilated  in  excess  of  that  without  nitrogenous  manure  was  not  much 
less  than  one  ton  per  acre.  This  is  obtained  by  the  leaves  from  the 
small  proportion  of  carbonic  acid  existing  in  the  atmosphere,  which 
does  not  amount  to  more  than  one  part  of  carbon  as  carbonic  acid  to 
10,000  of  air. 

The  Table  further  shows  that  there  is  five,  six,  or  seven  times  as 
much  solid  matter  accumulated  in  the  edible  root  as  in  the  leaf.  Again, 
notwithstanding  the  much  higher  percentage  of  nitrogen  in  the  dry 
substance  of  the  leaf  than  in  that  of  the  root,  there  is,  owing  to  the 
small  proportion  of  leaf,  two,  three,  or  more  times  as  much  nitrogen 
per  acre  in  the  root  as  in  the  leaf.  And  again,  notwithstanding  the 
very  high  percentage  of  mineral  matter  in  the  dry  substance  of  the 
leaf,  there  is,  owing  to  the  small  proportion  of  the  leaf,  only  about  half 
as  much  total  mineral  matter  per  acre  in  the  leaf  as  in  the  root.  Lastly, 
so  far  as  can  be  judged,  very  much  more  of  the  potash  of  the  crop,  and 
much  more  of  the  phosphoric  acid  also,  will  be  in  the  root  than  in  the  leaf. 

NITROGEN   EECOVERED  IN  INCREASE  OF  CROP  FOR   100  SUPPLIED 

IN  MANURE. 

The  next  point  to  consider  is — what  proportion  of  the  nitrogen  of 
the  manure,  which  is  shown  to  be  so  elective,  is  recovered  in  the 
increase  of  the  crop  of  Mangels  obtained  by  its  use.  Table  XIIL 
gives  particulars  on  this  point. 

The  upper  division  of  the  Table  shows  the  amounts  of  nitrogen 
supplied  by  manure  per  acre  per  annum  to  the  plots  of  each  of  the 
four  series  (2,  3,  4,  and  5),  as  already  given  in  the  former  Tables ; 
those  of  series  1  receiving  no  nitrogen. 

It  should  be  stated  that  on  the  plots  of  Series  I  with  mineral,  but 
without  nitrogenous  manure,  there  was  obtained  in  the  mangel  roots  an 
average  of  only  about  13  lbs.  of  nitrogen  per  acre  per  annum.  It 
should  be  remembered,  however,  that  the  plots  yielding  these  very 
small  amounts  of  nitrogen,  even  in  the  poweriuUy  rooted  Mangel  crop, 
have  now  been  under  experiment  with  roots  for  more  than  40  years, 
during  which  time  they  have  received  no  nitrogen  whatever  by  manure. 
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TABLE  XIII. 

MaNOSL  WUBZIL. 

Orovm  year  qfter  year  on  the  same  land,  Ban^/ieid,  Jtothamsted, 
Nitrogen  reoovered  m  Increase  of  Crop  (r^oto  only)  for  100  supplied  in  mannre. 

Average  of  6  years,  1878-'83. 


SERIES  2. 


Nitrate  of 
Soda. 


SERIES  S. 


Ammo' 
ninm 
Salts. 


SERIES  4. 

Ammo- 
nium 
Salts  and 
Rape 
Cake. 


SERIES  6. 


Rape 
Cake. 


Nitrogen  in  Manure  per  acre  per  annum  ... 


lbs. 
86 


lbs. 
86 


lbs. 
184 


lbs. 
98 


NiTBOOSN  BEOOYSBSD  IN  INCREASE  (OF  fioOTS  ONLY)  FOR  100  SUPPLIED  IN  MANURE. 


3 
5 
6 


No  Mineral  Manure(^)  ... 
Saperphosphate  ... 


Snperphos.,    Pot.,    and   Magnesium  1 
Sulphates,  and  Sodium  Chloride     / 

Means  of  Plots  6  and  4  ... 


44-2 
67-7 
58-1 

23-3 
29-7 
44-5 

21  1 
25-1 
45-5 

61-7 

401 

46*4 

59-9 

42*3 

45-9 

33-7 
38-5 
51-8 

46*8 


49*3 


(1)  Five  years  only,  1878*82. 

In  fact,  although  in  the  earlier  years  the  common  and  Swedish 
tamip  yielded  much  more,  yet  in  the  recent  years  neither  Sugar-beet 
nor  Mangel-wurzel,  with  their  greater  powers  of  accumulation  and 
growth,  has  removed  so  much  nitrogen  without  nitrogenous  manure  as 
Wheat  or  Barley  grown  for  between  30  and  40  years  in  succession  on 
the  same  land  without  any  artificial  nitrogenous  supply. 

The  actual  amounts  of  nitrogen  per  aero  in  the  roots,  when  nitrogen 
was  supplied  by  manure,  taking  the  average  of  the  two  mineral 
manured  plots,  6  and  4,  where  potash  was  applied,  were  64*4  lbs.  by  the 
application  of  86  lbs.  of  nitrogen  as  nitrate  of  soda,  and  49*3  lbs.  with 
the  same  amount  of  nitrogen  applied  as  ammonium-salts ;  thus  showing 
much  leas  effect  from  a  given  quantity  of  nitrogen  as  ammonium-salts 
than  from  an  equal  quantity  as  nitrate  of  soda.  This  is  a  general 
result  in  the  average  of  seasons,  but  on  the  other  hand  the  nitrogen  of 
nitrate  of  soda  is  much  more  liable  to  loss  by  drainage,  especially  in 
wet  seasons.  With  98  lbs.  of  nitrogen  in  the  comparatively  slowly 
available  condition  as  in  rape-cake,  the  average  amount  in  the  produce 
of  roots  was  61*2  lbs. ;  and  whero  the  rape-cake  and  the  ammonia  m-salts 
were  used  together,  raising  the  supply  of  nitrogen  to  184  lbs.  per  acre  per 
annum,  the  average  yield  of  nitrogen  in  the  roots  amounted  to  97 '5  lbs. 

Deducting  the  amounts  of  nitrogen  in  the  crops  without  nitrogenous 
manure,  from  those  where  it  was  supplied,  we  get  the  increase  due  to 
the  supply ;  and  the  figures  in  the  Table  (XIII.)  show,  for  each  plot, 
and  for  each  series  representing  the  different  conditions  of  supply  of 
nitrogen,  the  increased  amount  of  nitrogen  in  the  roots  for  100 
supplied  in  the  manure. 
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First  comparing  the  four  lines  of  figures  with  one  another,  it  is  seen 
that,  under  each  condition  as  to  nitrogenous  supply,  there  is  nrnch 
less  return  for  100  supplied  without,  than  with,  the  addition  of  mineral 
manures.  Again,  there  is,  under  aU  conditions  of  nitrogenous  supply, 
less,  and  in  the  cases  of  the  ammonium-salts  and  the  rape-cake  very 
much  less,  of  the  supplied  nitrogen  recovered  in  the  roots  where  only 
superphosphate  of  lime  was  applied,  than  where  this  was  used  in 
conjunction  with  potash,  or  potash,  soda,  and  magnesia. 

Comparing  the  average  results  of  the  two  mineral-manured  plots 
where  potash  was  supplied  (6  and  4),  and  nitrogen  in  the  dififerent 
conditions,  as  shown  in  the  last  line  of  the  Table,  it  is  seen  that 
the  amounts  of  nitrogen  recovered  as  increase  in  the  roots^  for  100 
supplied  in  manure,  were : — 

With  Nitrate  of  soda 59  9 

With  Ammonium-salts- 42*3 

With  Rape^ke  --.---.--  49-3 

With  Rape-cake  and  ammonium-salts  -    -  45*9 

Thus,  even  under  the  most  favourable  condition  as  to  mineral  supply, 
frequently  less  than  50  per  cent,  of  the  nitrogen  supplied  in  these 
artificial  manures  was  recovered  in  the  increase  of  roots  obtained  by  its 
use ;  and  even  with  the  most  efi^ective  of  the  nitrogenous  manures,  the 
nitrate  of  soda,  only  about  60  per  cent,  was  so  recovered. 

It  is  obvious  that  the  amount  of  nitrogen  in  the  roots  alone,  by  no 
means  represents  the  total  quantity  assimilated  per  acre,  but  as  that  in 
the  leaves  is  annually  returned  to  the  land  as  manure,  it  is  clear  that, 
taking  the  average  over  a  number  of  years,  it  is  only  the  amount  in 
the  roots  that  can  be  credited  as  immediate  return  from  the  manure 
employed. 

Where,  however,  large  amounts  of  organic  matter  are  returned  to 
the  soil,  such  accumulation  serves  to  keep  up  the  condition  of  the  land, 
so  that  more  or  less  of  the  at  first  unrecovered  constituents  of  the 
manure  will  remain  for  future  crops. 

Then  as  to  the  less  return  in  the  roots  from  a  given  amount  of 
nitrogen  supplied  as  rape-cake  than  as  nitrate  of  soda,  it  should  be 
borne  in  mind  that,  although  the  nitrogen  of  such  organic  manures 
only  becomes  comparatively  slowly  available,  yet  on  that  account  the 
more  remains  in  the  soil  as  manure-residue  for  future  crops. 

Finally,  the  question  .obviously  suggests  itself — what  is  the  result 
when,  instead  of  these  artificial  manures,  a  large  amount  of  nitrogen 
is  supplied  in  farm-yard  manure,  which  must  always  be  liberally 
employed  if  heavy  crops  of  Mangel-wurzel  are  to  be  grown  1 

In  the  first  place  larger  quantities  of  nitrogen  would  generally  be 
applied  per  acre  in  farm-yard  manure  than  in  any  of  the  artificial 
manures  used  in  the  experiments  which  have  been  described.  So  far 
as  the  results  obtained  on  the  farm-yard  manure  plots  enable  us  to 
form  an  estimate,  a  much  smaller  proportion  of  that  supplied  would 
be  taken  up  by  the  immediate  crop  than  in  the  case  of  either  nitrate  of 
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soda  or  ammonium-salts,  and  even  less  than  with  rape-cake.  But,  an 
essential  characteristic  of  farm-yard  manure  is,  that  it  leaves  a  large 
but  only  slowly  available  residue  for  future  crops.  It  is  the  nitrogen 
of  the  liquid  dejections  of  the  animals  that  is  first  rendered  available 
within  the  soil,  then  that  of  the  finely  comminuted  matter  which 
passes  intermixed  with  some  secretions  in  the  solid  excrements,  and 
finally  that  in  the  litter.  It  is,  in  fact,  as  already  referred  to,  to  the 
very  large  proportion  of  the  constituents  of  the  farm-yard  manure 
applied  for  root-crops,  which  remains  available  for  future  crops,  that 
an  important  part  of  the  benefit  of  the  growth  of  root-crops  in 
rotation  is  to  be  attributed. 

Indeed,  it  will  be  clearly  seen  from  the  evidence  adduced,  that  the 
Boot-crops^  which  are  assumed  to  perform  the  office  of  restoring  the 
condition  of  the  soil  for  the  growth  of  the  crops  grown  in  alternation 
with  them,  are  themselves  pre-eminently  dependent  on  manure  for  their 
successful  development.  In  fact,  it  is  only  when  there  is  plenty  of 
plant-food  available  in  the  soil,  whether  by  accumulation,  or  direct 
supply  by  manure,  that  good  root-crops  can  be  obtained.  But,  these 
conditions  being  fulfilled,  these  crops,  gross  feeders  as  they  are,  are 
able  to  take  up  a  large  amount  of  matter  from  the  soil,  and  to  produce 
a  large  amount  of  vegetable  substance ;  a  large  portion  of  which  is 
valuable  as  food,  whilst  the  remainder  is  valuable  as  manure  again. 
Further,  of  the  portion  that  is  used  as  food  for  animals,  by  far  the 
larger  proportion  of  the  constituents  valuable  as  manure,  is  eventually 
recovered  as  such  in  the  excrements  of  the  animals. 

That  is  to  say,  it  is  the  great  power  of  utilising  the  stores  within  the 
soil,  due  in  some  cases  to  accumulation,  and  in  others  to  direct  manuring, 
which  these  plants  possess,  growing  and  gathering  nitrogen  as  they  do 
after  the  period  of  its  collection  by  die  cereals,  and  the  fact  that  it  is  only 
a  very  small  proportion  of  their  nitrogen,  and  of  their  mineral  matter, 
which  is  carried  off  in  the  increase  of  the  animals  and  so  lost  to  the 
land,  that  constitute  a  great  part  of  the  value  of  the  root  crops  in 
rotation.  When,  however,  roots  are  consumed  for  the  production  of 
milk,  the  loss  to  the  manure  will  be  greater  than  when  they  are 
consumed  by  either  store  or  fattening  animals.  Another  very  impor- 
tant element  in  the  value  of  root-crops  in  rotation  is,  as  already  said, 
the  opportunity  they  afford  for  the  cleaning  of  the  land. 

It  will  be  well  here  briefly  to  summarise  the  results  which  have 
been  adduced,  relating  to  the  amounts  of  produce  obtained  with  the 
different  descriptions  of  root-crop,  under  the  influence  of  the  different 
descriptions  of  manure. 

Confining  attention  in  the  first  place  to  the  produce  of  the  roots  per 
acre,  there  was,  with  each  description  of  root,  a  very  considerable 
increase  obtained  by  the  use  of  nitrogenous  manures.  The  amounts  of 
nitrogen  supplied  were  not  the  same  for  each  description  of  plant ;  but 
there  can  be  no  question  that  the  amount,  not  only  of  total  vegetable 
substance  produced,  but  of  stock-food  yielded,  was  very  much  greater 
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from  a  given  quantity  of  nitrogen  when  it  was  supplied  to  the  Mangels, 
than  when  applied  to  the  different  descriptions  of  Turnip.  Then,  so 
far  as  the  habit  of  growth  of  the  different  descriptions  of  plant  is 
concerned,  the  Swedish  Turnip  shows  the  lowest  j^roportion  of  leaf,  the 
Mangel  considerably  more,  and  the  common  Turnip  the  most  of  all. 

Having  regard  to  the  different  characters  of  growth  of  the  various 
descriptions  of  root,  it  will  be  of  interest  to  direct  attention  to  the 
extent  to  which  the  different  kinds  are  cultivated  in  different  divisions 
of  the  country.  Table  XIV.  gives  some  information  on  this  point, 
calculated  from  the  Board  of  Trade  Returns,  of  the  area  and  produce  of 
various  agricultural  crops. 

TABLE  XIV. 

Root  Crops. 

Area  ander  Turnips  and  Mangels  in  England  and  Wales,  and  in  Scotland. 


Mean  of  6  years,  1882-1886. 

Actual  area. 

Per  cent,  of  Total  ares. 

England 

and 
Wales. 

Scotland. 

England 

and 
Wales. 

Scotland. 

Turnips  (^) 

Mangels 

Acres. 
1,631,921 
337,621 

Acres. 
487.810 
1,432 

Per  cent 
81-9 
18-1 

Percent. 
99-7 
0-3 

Total     

1,869,442 

489,242 

100-0 

100-0 

(^)  Including  Swedes. 

It  is  seen  that  the  average  area  under  the  various  descriptions  of 
Turnips  is,  in  England  and  Wales,  rather  over  H  million  acres ;  whilst 
in  Scotland  it  is  less  than  half  a  million  acres.  Again,  the  average  area 
under  Mangel-wurzel  is  337,521  acres  in  England  and  Wales,  and  only 
1,432  acres  in  Scotland.  Further,  whilst  about  18  per  cent,  of  the 
total  area  under  roots  in  England  and  Wales  is  devoted  to  Mangels, 
less  than  a  third  of  1  per  cent  of  the  total  root-area  in  Scotland  is 
devoted  to  that  crop.  It  may  be  added  that  in  neither  division  of  the 
country  has  either  the  actual  or  the  relative  area  fluctuated  at  all 
materially  during  the  last  ten  years.  The  tendency  is,  however,  to  a 
slight  diminution  of  total  area  under  roots  ;  and  especially  of  Mangels 
in  Scotland. 

These  facts  afford  sufficient  evidence  of  the  great  influence  of  climate 
in  determining  what  description  of  roots  should  be  grown,  and  that 
this  cannot  be  settled  merely  by  a  consideration  of  the  amount  of 
produce  obtained  by  a  given  quantity  of  manure,  of  the  proportion  of 
the  crop  which  is  available  as  food  for  stock  or  only  remains  for  manure 
again,  or  of  the  high  or  low  percentage  of  solid  matter  in  the  food 
portion  of  the  crop. 

It  has  been  pointed  out  that  Turnips  have  a  comparatively  limited 
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root-ranee,  and  require  both  a  considerable  amount,  and  continuity,  of 
rain,  and  only  moderate  temperatures ;  whilst  the  deeply  and  powerfully 
rooting  Mangel  is  less  dependent  on  continuity  of  rain  after  the  plant 
has  once  got  a  good  start,  and  will  bear,  or  even  requires,  a  warmer 
and  drier  autumn  than  Turnips. 

Thus,  whilst  it  is  obviously  desirable  to  extend  the  growth  of  the 
better  descriptions  of  roots  as  far  as  possible,  judgment  must  be  exercised 
in  the  selection,  so  as  to  ensure  that  the  kind  chosen  is  suitable  to  the 
conditions  of  the  soil  and  seasons  of  the  locality. 

Although  Sugar-beet  is  not  grown  in  this  country  as  food  for  stock, 
some  attempts  have  been  made  to  grow  it  for  the  manufacture  of  sugar, 
or  spirit,  but  hitherto  they  have  failed.  There  can  be  little  doubt, 
however,  that  Sugar-beet  of  good  quality  could  be  grown  on  favourable 
soils,  and  in  favourable  localities  as  to  season,  but  it  is  essential  to 
success  that  the  manufacturer  should  hold  the  land,  and  adapt  his 
rotation  and  manuring  to  the  crop,  and  be  able  to  command  the 
quantity  of  roots  he  requires,  and  not  be  dependent,  for  both  quantity 
and  quality,  on  farmers  in  the  neighbourhood,  as  has  hitherto  been  the 
case,  and  as  has  hitherto  been  a  material  element  in  the  failures  that 
have  occurred.  So  long,  however,  as  heavy  bounties  are  allowed  on 
the  export  of  beet-root  sugar  from  European  countries,  a  further 
.obstacle  stands  in  the  way  of  the  growth  of  Sugar-beet  for  the 
production  of  sugar  in  this  country. 

ooMPOsrnoN  of  different  desoriftions  of  roots;  and  their 

VALUE  AS  FOOD  FOR  STOCK. 

Let  us  now  revert  to  the  question  of  the  composition  of  the  different 
descriptions  of  roots.  The  first  points  to  consider  are  :  the  percentages 
of  dry  or  solid  matter,  and  of  nitrogen,  in  the  different  roots,  and  the 
influence  of  the  conditions  of  growUi  on  these  percentages.  Next  we 
have  to  consider :  what  are  the  most  important  non-nitrogenous  food 
constituents  formed  in  the  roots  1  what  is  the  average  proportion  of 
these  in  the  different  descriptions  of  root  1  and  in  what  direction  is  the 
quantity  they  contain  influenced  by  season  and  manuring  1  Lastly,  the 
important  question  arises,  what  proportion  of  the  total  nitrogenous 
compounds  in  the  roots  is  really  food  material  1 

First,  as  to  the  percentages  of  dry  substance  in  the  different  descrip- 
tions of  root. 

Table  IIL  (p.  7),  shows  that  the  different  series  of  Norfolk 
White,  or  common  Turnips,  contained  8*54,  8*07,  7*66,  and  7*96  per 
cent,  or  an  average  of  only  about  8  per  cent  of  solid  matter  in  the 
roots ;  and  the  percentage  is  the  lower  the  higher  the  manuring,  and 
the  greater  the  luxuriance,  that  is  the  less  ripe  the  roots. 

The  four-year  series  of  Swedish  Turnips  (Table  V.,  p.  10)  show 
11*59,  11'51,  10*54,  and  10*89  per  cent  dry  matter;  and  the  ten-year 
series  (Table  VIL,  p.  14)  show  12*04,  11*01,  11*32,  10*94,  and  10*83 
per  cent.  The  Swedish  Turnip  shows,  therefore,  an  average  of  about 
11  per  cent  of  dry  matter,  or  about  3  per  cent  more  than  the  Norfolk 
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White.    There  is  again  the  lower  percentage  the  higher  the  manuring, 
the  greater  the  luxuriance,  and  the  less  ripe  the  roots. 

The  five  series  of  Mangel-wurzel  show  (Table  XII.,  p.  25)  14-99, 
12-52, 13-70, 12-79,  and  13-56  per  cent,  dry  substance,  that  is  a  still  higher 
percentage  of  solid  matter  than  the  Swedish  Turnip.  The  average  on 
the  most  normal  plots  may  be  taken  at  about  13,  or  about  2  per  cent, 
higher  than  in  the  Swedish  Turnip.  And,  as  in  the  other  cases,  the 
percentage  is  directly  connected  with  the  condition  as  to  luxuriance  on 
the  one  hand,  or  ripeness  on  the  other. 

It  may  be  mentioned  that  in  Sugar-beet  we  found  still  higher  per- 
centages of  solid  matter,  averaging  on  the  more  normal  plots  from  16 
to  18  per  cent.,  or  from  3  to  5  per  cent,  higher  than  in  the  feeding 
Mangel  On  this  point  it  is  of  interest  to  add,  that  in  recent  years  the 
most  improved  varieties  cultivated  for  sugar-making,  and  grown  under 
the  most  favourable  conditions,  contain  even  still  much  higher  per- 
centages of  dry  substance.  Indeed,  sometimes  the  roots  yield  as  much 
as  20  per  cent  of  sugar  1 

Table  XY.  shows  the  average  percentages,  over  four  years,  of  dry 
matter,  mineral  matter  (ash),  mtrogen,  and  sugar,  in  the  roots  of  each 
of  the  experimental  Mangel  plots. 

The  percentages  of  dry  matter  are,  as  already  said,  quite  character- 
istic. They  are  much  the  highest  in  the  roots  of  Series  1  with  no 
artificial  nitrogenous  manure,  that  is  with  the  smallest  crops ;  and  they 
are  much  the  lowest  in  those  of  Series  2  and  4,  in  the  one  case  with 
the  nitrogen- supplied  in  the  most  active  condition,  as  nitrate  of  soda, 
and  in  the  other  with  the  greatest  amount  of  it,  indeed  an  excess,  in 
the  manure,  and  accordingly  the  greatest  luxuriance,  the  largest  crops, 
and  the  least  matured  condition  of  the  roots. 

The  second  division  of  the  Table  shows  that  the  mineral  matter 
constitutes  nearly  1  per  cent,  of  the  roots,  so  that  the  amount  of 
organic  substance  will  be  nearly  1  per  cent,  less  than  that  of  the  total 
dry  or  solid  matter.  Further,  there  is,  as  a  rule,  the  more  mineral  or 
saUne  matter,  the  more  luxuriant,  the  more  crude,  and  the  more  unripe 
the  roots ;  and,  so  far,  a  relatively  high  percentage  of  mineral  matter  is 
indication  of  imperfect  maturity  and  lower  feeding  value. 

Next  comes  the  percentage  of  nitrogen,  the  actual  amount  of  which, 
in  the  fresh  roots,  is  seen  to  be  very  small,  but  very  variable.  It  is  the 
lower  the  riper  the  roots,  and  it  is  conversely  the  higher  the  greater  the 
luxuriance  of  growth,  and  less  matured  the  roots.  Indeed  it  is  about 
one  and  a  half  time  as  high  in  the  case  of  the  largest  as  in  that  of  the 
smallest  crops ;  and  it  will  presently  be  seen  that  where  the  amount  is 
relatively  high  its  condition  is  not  so  favourable  for  feeding  purposes. 

But  it  is  to  the  lowest  division  of  the  Table  to  which  I  wish  to 
direct  special  attention,  namely,  that  showing  the  percentage  of  sugar 
in  the  roots.  The  figures  show  that  the  percentage  of  sugar  is  generally 
about  two  thirds  that  of  the  total  dry  or  solid  matter.  In  other  words, 
nearly  or  about  two  thirds  of  the  solid  matter  of  the  feeding  Mangel 
is  sugar.    It  is,  indeed,  a  characteristic  of  the  various  descriptions  of 
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TABLE  XY. 

ULaxqjsl  Wubjssl. 
Groum  year  after  year  on  the  tame  land,  Barnfieid^  Bothanuted, 

Reniiti  ahowing  the  effects  of  exhaustion  and  manures,  on  the  percentage  composition  of  the  Boots. 

Average  of  4  years,  1877-*80. 


SEBLB81. 


No 

Nitrogenous 
Manure. 


8EBIES2. 

Sodium 
Nitrate 

»  86  lbs. 

Nitrogen. 


SERIES  8. 

Ammonium 

Salts 

«B  86  lbs. 

Nitrogen. 


SERIES  4. 

Ammoniimi 

Salts  and 

Rape  Cake 

»  184  lbs. 

Nitrogen. 


SERIES  6. 

RapeOake 
B  98  lbs. 
Nitrogen. 


Dbt  MATTsa.— Fxb  cbvt. 


1 

2 
8 
5 

Ditto  and  Sapexphosphate ... 

No  MineralHanure 

Superphoephate        

Percent. 
18*6 
18-8 
16-9 
16*0 

Percent. 
11*9 
11-7 
18-6 
12*2 

Percent. 
12-8 
12-8 
16-6 
14-8 

Feroent. 
120 
11-6 
18*8 
18*2 

Per  cent. 
18*0 
12'7 
14-9 
14-8 

16-2 
14*7 

12*8 
12-1 

18*9 
12*8 

180 
11*9 

6 

4 

1 

Dupexpnoe.  ana  Fotassium 
Sulphate 

Superphos.,  Fot.,  and  Mag- ) 
nesium  Sulphates,  and 
Sodium  Chloride... 

Mean  of  Plots  6  and  4. . . 

18*6 
12*8 

16*0 

12*2 

18*4 

12*6 

12*9 

MiirsaAXi  Mattsb  (A8h).—Pbb  obht. 


.1 

2 
8 
6 

Ditto  and  Superphosphate ... 

No  Mineral  Manure 

Superphosphate        

Snperphos.  and  Petaasium 
Sulphates ) 

Bupeiphos.,  Pot.,  and  Mag-  ) 
BOBium  Sulphates,  and 
Sodium  Chloride... 

Mean  of  Plots  6  and  4... 

0*966 
0*961 
0*818 
0  791 

1-028 
1-046 
0*962 
0-8K8 

1*002 
1-016 
0*820 
0*802 

1016 
1-081 
0-796 
0*764 

0*974 
0*960 
0*799 
0*772 

6| 
4 

1 

0*912 
0.908 

0*976 
1*016 

0*990 
0*968 

0*988 
1*064 

0*908 
0*974 

0*908 

0*996 

0*979 

1*021 

0*989 

NiTBOOBV.— Feb  obmt.    (Avbbaob  8  Ybabs  ovlt,  1878-'80). 


1 

2 
8 
6 

Earmyard  Manure    

Ditto  and  Superphosphate ... 
No  Mineral  Manure 

Superphos.  and  Potassium ) 
Sulphate } 

Snpexphos.,  Pot.,  and  Mag^ 
nesium  Sulphates,  and 
Sodium  Ghloxide... 

Mean  of  Plots  6  and  4. . . 

0-167 
0*168 
0*178 
0*184 

0*200 
0*196 
0-218 
0180 

0-190 
0*192 
0-262 
0-182 

0-218 
0-208 
0-244 
0-219 

0*180 
0-lfiR 
0*216 
0-186 

6 

'1 

0*142 
0*121 

0*176 
0*160 

0*166 
0*182 

0*212 
0*168 

0*168 
0*148 

0*182 

0-168 

0*144 

0*190 

0*166 

SuoAB.— Pbb  obnt. 


1 

2 
8 
6 

FumyardManme    

Ditto  and  Superphosphate ... 

No  Mineral  Manure 

Superphosphate        

8*6 

8*6 

11*4 

10*4 

7*1 
6*9 
8-8 
7*6 

7*7 
7-8 
9*6 
9*8 

7*1 

7*1 
8-7 
8-0 

7*8 
7*8 
9*6 
9*4 

10*8 
10-1 

7-9 
7-4 

8*9 
8*6 

8*0 
7*1 

6 

ouperpnos.  ana  Jrocassium 
Sulphate 

Superphos.,  Pot.,  and  Mag- 
nesium Sulphates,  and 
Sodium  Chloride... 

Mean  of  Plots  6  and  4... 

8*8 
8*0 

10*2 

7-7 

8*7 

7*6 

8*4 
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feeding  roots  that  they  supply  a  large  amonnt  of  the  non-nitrogenonB, 
respiratory,  and  fat-forming  substance — miga/r. 

They  contain  also  other  non-nitrogenous  bodies,  such  as  cellulose, 
and  various  pectin  compounds,  the  feeding  value  of  which  is  not  yet 
satisfactorily  determined  ;  but  of  the  importance  of  the  sugar  there  can 
be  no  question. 

It  is,  therefore,  obviously  of  much  interest  to  consider  the  conditions 
under  which  its  production  is  the  most  favoured.  The  point  is  strikingly 
illustrated  in  Table  XVI.,  which  shows  the  amounts  of  sugar  yielded 
per  acre  under  the  different  conditions  as  to  manuring. 

As  to  the  effects  of  farm-yard  manure,  which  is  used  so  lar^ly  for 
the  growth  of  the  feeding  beet  or  Mangel,  it  is  seen  that,  taking  the 
average  of  4  years,  considerably  more  than  one  ton  of  sugar  per  acre 
is  produced  by  the  farm-yard  manure  alone,  and  that  the  amount  is 
increased  to  more  than  one  and  a  half  ton  by  the  addition  to  the  farm- 
yard manure  of  artificial  nitrogenous  manures. 

The  quantitative  effect  of  the  nitrogenous  manures  in  increasing 
the  amount  of  sugar  produced  is,  however^  more  clearly  seen  in  the 
results  with  the  artificial  manures.  It  must  suffice  to  adduce  in  illustra- 
tion the  mean  results  obtained  on  the  two  mineral  manured  plots  6  and 
4,  of  each  series ;  the  mineral  manure  in  these  cases  containing  a  full 
supply  of  potash.  These  results  are  given  in  the  bottom  line  of  figures 
in  each  of  the  two  main  divisions  of  the  Table. 

It  is  seen  that  there  is  an  average  of  1021  lbs.  of  sugar  per  acre  in 
the  roots  of  plots  6  and  4  of  Series  1,  that  is  without  any  nitrogenous 
manure,  and  that  the  amount  is  increased  in  the  other  series,  where  nitro- 
genous manures  are  also  employed,  to  2923,  2653,  3533,  and  3063  lbs. 

But  the  effects  of  the  nitrogenous  manures  are  still  better  discri- 
minated in  the  figures  in  the  lower  main  division  of  the  Table,  where 
are  given  the  increased  amounts  of  sugar  yielded  per  acre  on  the  plots 
with  nitrogenous  as  well  as  mineraJ  n:ianure,  over  those  on  the 
corresponding  plots  with  the  mineral  manures  alone. 

Thus,  with  86  lbs.  of  nitrogen,  applied  as  nitrate  of  soda,  there  is 
an  average  increase  in  the  produce  of  sugar  per  acre  on  the  two  plots 
6  and  4,  of  1902  lbs.  With  86  lbs.  of  nitrogen  as  ammonium-salts, 
there  \&  an  increase  of  1632  lbs.  With  98  lbs.  as  rape-cake,  2042  lbs. ; 
and  with  184  lbs.  nitrogen  as  rape-cake  and  ammonium-salts  together, 
there  is  an  increased  production  of  sugar  per  acre  in  the  roots  of 
2512  lbs. 

There  is  obviously  the  more  sugar  produced  the  larger  the  amount 
of  nitrogen  applied  as  manure,  but  by  no  means  in  proportion  to  the 
amount  applied.  Then,  again,  the  efficiency  of  a  given  supply  of 
nitrogen  is  greatly  dependent  on  the  accompanying  mineral  supply,  as 
is  shown  by  the  much  less  yield  of  sugar  on  plot  5,  where,  with  super- 
phosphate of  lime  annually  applied  without  potash,  the  potash  had 
become  much  exhausted. 

The  bottom  line  of  the  Table  shows  that,  taking  the  mean  of  plots 
6  and  4,  each  with  potash,  1  lb.  of  nitrogen  as  nitrate  of  soda  has 
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yielded  22*1  lbs.  of  sugar,  1  lb.  as  ammonium-salts  19*0  lbs.  of  sugar, 
1  lb.  of  nitrogen  in  rape-cake  20*8  lbs.;  and  1  lb.  in  rape-cake 
and  ammonium-salts  together  137  lbs.  of  sugar.  In  fact,  the  greater 
the  excess  of  nitrogen  supplied,  the  greater  the  luxuriance,  and  the  less 
matured  the  roots,  the  less  is  the  amount  of  sugar  obtained  for  a  given 
amount  of  nitrogen  in  the  manure.  It  may  be  added  that,  with  Sugar- 
beet^  much  more  suear  was  obtained  for  a  given  amount  of  nitrogen  in 
manure,  than  with  Mangels. 


TABLE  XVI. 

Manobl  Wubcbl. 

Oraum  year  cfier  year  on  the  same  land,  BamfieU  Bothamgted. 

EamltB  showing  the  eflEecte  of  exhanstioii  and  mannree,  on  the  amonnts  of  sogar  per 

acre  in  the  roots. 

Average  of  4  yeazB,  1877-'80. 


SERIES  1. 

No 

Artificial 

NitrogenoiiB 

lUnare. 


SERIES  2. 

Sodiam 
Nitrate 

»  86  lbs. 

NitrogeiL 


SERIES  8. 
Ammonium 


SalU 
«  86  lbs. 
Nitrogen. 


SERIES  4. 

Ammonium 

Salts  and 

Rape  Cake 

=  184  Ibe. 

Nitrogen. 


SERIES  5. 

Rape  Cake 

=  Mlta. 

Nitrogen. 


SuoAs  Pb&  Ac&B,  Ibfl. 


1 

2{ 

8 

6 

Fazmyard  Manure 
Farmyard  Manure  and) 
SnpeiphoBphate. .         f 
No  Mineral  Manure 
Snpetphoaphate   .. 

Snperphoaphate  and  ) 
Fotaasinm  Sulphate     f 

Superphos.,  Pot.,  and ) 
Magnesium  Sulphates, } 
and  Sodium  Chloride    ) 

Means  ol  6  and  4  . . 

Ibe. 
2518 

2668 

960 
1028 

Ibe. 
3109 

3272 

2074 
2698 

Iba. 
3636 

3390 

1428 
1808 

Ibe. 
3700 

3367 

1921 
2014 

Ibe. 
3433 

3428 

2044 
2306 

4 

904 
1137 

2874 
2971 

2667 
2739 

3614 
3662 

3023 
3103 

1021 

2923 

2663 

3633 

3063 

Inc&basb  of  Suoas  PB&  AcRS  OTBH  Sbbxbb  1,  lbs. 


1 

2{ 

3 
6 

Farmyard  Manure 
Farmyard  Manure  and) 
Superphosphate. .         f 
No  Mineral  Manure 
Superphosphate   .. 

Superphosphate    and     ) 
Fotaasium  Sulphate 

Superphos.,   Pot.,   and 
Magnesium  Sulphates, 
and  Hodium  Chloride 

Means  of  6  and  4  . . 

696 

619 

1124 
1670 

1123 
737 

478 
780 

1187 
704 

971 
986 

920 

776 

1094 
1278 

• 

6 

1970 
1834 

1663 
1602 

2610 
2416 

2119 
1966 

1902 

1632 

2612 

2042 

lbs.   Inc&basb  or  Suoab  pou  1  lb.  Nitboobn  in  Manurb. 


Means  of  6  and  4  . . 


221 


190 


13-7 


20-8 
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I  cannot  here  discuss  the  physiological  explanations  of  the  fact  that 
nitrogenous  manures  have  such  a  marked  effect  on  the  production  of  the 
non-nitrogenous  substance — sugar.  A  direct  connection  between  the 
supply  of  nitrogen  to  the  plant,  and  the  formation  of  non-nitrogenous 
substances  is,  however,  obvious.  It  is  also  obvious,  that  the  effect  of  a 
given  quantity  of  nitrogen  may  be  very  different,  according  to  the 
character  of  the  plant,  to  the  mineral  supply,  and  to  the  climatic 
conditions. 

I  will  now  briefly  refer  to  the  more  detailed  composition  of  some 
descriptions  of  roots,  as  illustrated  by  recently  published  experimental 
results  of  others. 

Table  XVII.  gives  a  summary  of  results  obtained  by  Dr.  Aitken, 
and  published  in  detail  in  the  Transaeiuma  of  the  Highland  and 
Agricultural  Society  of  Scotland,  Vol.  xvi.,  1884.  They  relate  to  the 
composition  of  Fosterton  hybrid  Turnips  grown  in  1882,  at  the 
Experimental  Stations  at  Pumpherston  and  at  Harelaw,  under  various 
conditions  as  to  manuring.  The  figures  show  the  mean  results  of  the 
analyses  of  60  differently  grown  specimens  in  each  case. 

TABLE  XVII. 
Mean  of  Dr.  Aitken's  results. 


Roots  grown  at 
Pumpherston. 


Roots  grown  at 
Harelaw. 


Water 
Dry  Matter 


Per  cent,  in  Dry  Matter : — 
Albumen 
Woody  Fibre  .. 

Ash       

Carbohydrates,  &c.   . . 


Percent 
91*3 
8-7 


7-7 
10*8 

6-8 
76-7 


Percent. 
92*6 
7-4 


7-6 
11-7 

6-4 
74-4 


Total.. 


100-0 


lOO'O 


Amount  and  Condition  op  thb  Nitroobn. 


Per  cent,  in  Dry  Matter  :— 
As  Albuminoids 
As  Non- Albuminoids 


Total.. 


Per  cent,  of  total  as  Albuminoids 
Albuminoid  ratio 


It  will  be  seen  that  the  amount  of  dry  matter  averaged  8-7  per 
cent,  in  the  roots  grown  at  Pumpherston,  and  only  7*4  per  cent,  in 
those  grown  at  Harelaw.  It  appears  that  the  amount  of  sugar  in  the 
roots  was  not  determined.  The  figures  given  in  the  Table  for  "  carbo- 
hydrates, &c."  are  obtained  by  deducting  the  sum  of  the  albumen, 
woody  fibre,  and  ash,  from  100.     They  include   therefore  any  non. 
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albuminoid  nitrogenous  matters,  and  they  are  a  fraction  of  1  per  cent, 
higher  than  the  mean  of  the  individual  figures  given  by  Dr.  Aitken  for 
"  carbohydrates,  &c ,"  by  which  he  has  calculate  the  albuminoid  ratios, 
the  average  of  which  is  given  at  the  foot  of  the  Table.  The  mean 
percentage  of  total  nitrogen  in  the  roots  is  very  low,  but  the 
proportion  of  it  which  is  estimated  as  albuminoid  is  unusually  high. 

Table  XVIII.  gives,  in  like  manner,  the  mean  results  of  27  some- 
what more  detailed  analyses  of  Aberdeen  Yellow  Turnips,  made  by 
Mr.  David  Wilson,  jun.  The  roots  were  grown  at  Carbeth,  Killearn, 
Stirlingshire,  by  a  great  variety  of  manures,  and  the  results  are 
published  in  the  Tranaactums  of  ihe  Highland  and  AgricuUural  Society 
of  Scotland,  Vol.  xviiL,  1886. 

TABLE  XVIII. 
Mean  of  Mr.  David  Wilflon's  results. 


Water 

Sugar    

Woody  Fibre 

Albmuinoids 

Non- Albuminoid  Nitrogen  x  6*25 
ExtractlTe  Matter  free  of  Nitrogen 
Aflh       


Total 


In 
Freeh  Roots. 


Percent. 
9109 
4-72 
103 
0-64 
0*60 
1-36 
0-66 


100-00 


In 
Dry  Matter. 


Percent. 

52-94 

11-54 

606 

6-76 

15-23 

7-47 


100-00 


Amount  and  Condition  of  thb  Nitboobn 

Per  cent,  in  Dry  Matter : — 

As  Albuminoids 

Aff  Nnn-Albuminoids   . . 

0-970 
1-086 

Total     .. 

2056 

Per  oent.  of  total  as  Albuminoids 

Albuminoid  ratio 

47-8 
1  to  12-4 

The  figures  show  that  the  roots  contained  on  the  average  91*09  per 
cent,  of  water,  corresponding  to  8*91  per  cent  of  dry  matter.  They 
also  show  that,  of  sugar  there  was  an  average  of  4*72  per  cent,  in  the 
fresh  roots,  corresponding  to  62*94  per  cent,  of  the  total  dry  substance. 
The  mean  percentage  of  total  nitrogen  in  the  dry  matter  is  much 
higher  than  in  Dr.  Aitken's  experiments,  namely,  2*056 ;  of  which 
only  47*3  per  cent,  existed  as  albuminoids.  Further,  the  author 
reckons  that  the  roots  contained  1  part  of  albumen  to  12*4  of  '*  carbo- 
hydrates, &c."  (including  amides). 

Table  XIX.  shows  the  detailed  composition  of  common  Tamips, 
the  results  being  the  mean  of  the  analyses  of  eleven  different  specimens, 
including  several  different  varieties,  some  grown  in  different  seasons,  or 
by  different  manures.  The  roots  were  grown  in  1884  and  1885,  on 
the  farm  of  Canterbury  College,  New  Zealand.    The  general  results 
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are  reported  upon  by  Messrs.   W.  K  Ivey  and  O.  Gray;  and  the 
analyses  were  made,  and  are  reported  apon,  by  Mr.  Oray. 


TABLE  XIX. 
Mean  of  Mr.  O.  Oray's  results. 


InFmih 
Roots. 

In  Dry 
Matter. 

Water  . .        . .        . .        . .        . .        . .        . .        . . 

Percent. 
90*86 
4-87 
0*26 
0*90 
0-37 
204 
0-70 

Percent. 

Soffar    ..        .•        t.        ..        .♦        ^.        --        -» 

63*40 

Fat.  &o.          

2-90 

Celltilose         • .        • .        .  •        . .        . .        . .        . . 

9*81 

Alhrnnlnnidll    ,.           ..           ,.           », 

4-01 

ExtractlYe  Matters,  inolnding  Amides, 
Ash       .  •        ••        •  •        •  •        ,' 

&c.      .. 

•  •               •  • 

22-28 
7*60 

Total    . 

100-00 

100*00 



Amount  and 

Condition  op 

THB  NiTBOOSN. 

Per  cent,  in  Dry  Matter  :— 

Ah  Alhrnnlnnids          ..           ..           ..           ..           ..           ..           ••           .« 

0*632 

0*018 

..  Nitrates 

0*013 

•*   Amidfliia  glO«         •• 

0*680 

Total     .. 

1*343 

AfF  AlbnmiroidB        . .        . 

47-64 

1*37 

>*         rfl^FftlfOB            •*                     a*                     r- 

0*89 

..  Ajxudes.  fto.        .  • 

• 

60*10 

Total 

100-00 

Albominoid  Ratio 

1  to  21 

It  may  of  course  be  a  question  whether  the  roots  would  not  mature 
somewhat  better,  or  at  any  rate  dififerently,  in  the  climate  of  New 
Zealand  than  in  our  own  ;  but  the  results  are  nevertheless  of  interest, 
both  in  themselves,  and  for  comparison  with  those  obtained  by  others, 
in  other  localities. 

The  figures  show  that  the  average  percentage  of  dry  matter  was  a 
little  over  9,  and  that  the  average  percentage  of  sugar  was  4*87, 
corresponding  to  53*4  per  cent  of  the  total  dry  substance  of  the  roots. 
Some  other  of  the  results  will  be  referred  to  presently. 

The  next  point  to  consider  is  the  amount,  and  the  condition,  of  the 
nitrogen  in  Roots  of  different  descriptions,  or  grown  under  different 
conditions. 

In  perfectly  ripened  seeds,  by  far  the  larger  proportion  of  the 
nitrogen  exists  as  albuminoids ;  in  fact,  in  many  cases  nearly  the  whole 
of  the  nitrogen  is  in  that  form.  In  ripened  products,  however,  some, 
and  in  unripened  ones  sometimes  a  large  proportion,  of  the  nitrogen 
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eziste  as  amides.  Now,  so  far  as  present  knowledge  goes,  it  is  only 
the  nitrogen  existing  in  food  as  albuminoid  compounds,  that  can  con- 
tribute to  the  formation  of  the  nitrogenous  compounds  of  animal  bodies, 
or  of  milk.  It  would  seem  not  improbable,  however,  that  some  amide 
compounds  may  replace  the  albuminoids  in  supplying  material  for  the 
transformations  incident  to  the  constant  waste  of  the  nitrogenous 
substances  of  the  body,  the  products  of  which  pass  from  it  in  the  urine. 

Then,  again,  besides  albuminoids  and  amides,  succulent  or  immature 
vegetable  substances  may  contain  nitrogen  as  nitric  acid,  or  as  ammonia, 
unchanged  from  the  condition  in  which  it  has  been  taken  up  by  the 
roots  of  the  plant  from  the  soil,  or  the  one  transformed  into  the  other. 

The  question  as  to  the  condition  of  the  nitrogen  in  vegetable  food, 
and  especially  in  such  crude  and  immature  products  as  our  feeding 
roots,  is,  therefore,  one  of  great  importance  to  consider.  In  the  early 
reports  of  Rothamsted  feeding  experiments,  published  from  35  to  40 
years  ago,  we  called  attention  to  the  fallacy  of  estimating  the  whole  of 
the  nitrogen  of  our  stock-foods  as  protein  or  albuminoid  compounds, 
especially  in  the  case  of  succulent  and  unripened  products. 

Table  XX.  gives  results  as  to  the  condition  of  the  nitrogen,  in 
the  experimental  rotation  Swedes  grown  at  Rothamsted  in  1880,  and  in 
the  experimental  Mangels,  grown  in  1878,  1879,  and  1880. 

It  will  be  remembered  that  one  portion  of  the  rotation  land  had 
been  entirely  unmanured  throughout  10  courses  of  four  years  each,  and 
that  the  roots  so  grown  were  quite  abnormal ;  none  of  the  characters 
of  the  cultivated  root  being  developed  under  these  circumstances.  The 
results  given  in  the  Table  (XX.)  relate  to  the  roots  grown  in  1880, 
which  constituted  the  first  crop  of  the  ninth  course.  It  is  seen  that 
with  a  very  high  percentage  of  total  nitrogen  in  the  roots  (0*347  in 
the  fresh,  and  2*758  in  the  dry),  they  also  contained  a  high  percentage 
of  albuminoid  nitrogen,  which  corresponded,  however,  to  only  32*9  per 
cent,  of  the  total  nitrogen. 

The  next  plot  has,  through  the  same  10  courses,  received  no 
nitrogenous  manure  whatever.  For  each  of  the  first  nine  courses  it 
received  superphosphate  of  lime  alone,  but  for  the  tenth  course,  salts  of 
potash,  soda,  and  magnesia,  in  addition.  Under  these  conditions  the 
roots  of  the  ninth  course  show  a  very  low  percentage  of  nitrogen  in 
their  dry  substance  (0*888),  but  55*8  per  cent  of  it  existed  as  albuminoid 
compounds. 

Lastly,  the  third  plot  received,  each  course,  a  complex  manure,  both 
mineral  and  nitrogenous.  The  percentage  of  total  nitrogen  in  the  dry 
substance  of  the  roots  (1*539),  though  not  high,  was  nevertheless  nearly 
twice  as  high  as  in  the  case  of  the  roots  grown  by  superphosphate 
alone ;  and  the  proportion  of  the  nitrogen  which  was  as  albuminoids, 
was  only  40*1  per  cent. 

Then  again,  it  is  seen  that  in  the  cultivated  roots  by  far  the  larger 
proportion  of  the  albuminoid  nitrogen  existed  in  the  juice,  that  is  to 
say  was  soluble  ;  whilst  in  the  unmanured  or,  so  to  speak,  uncultivated 
roots,  a  comparatively  small  proportion  of  the  total  albuminoids  existed 
in  the  juice.  f 
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These  results  with  Swedish  Turnips  are  very  instructive,  as  showing 
how  very  dependent  is  the  proportion  of  the  nitrogen  existing  in  the 
favourable  food  condition  of  albuminoid  compounds,  on  the  conditions 
of  the  manuring,  and  on  the  maturity  of  the  crop. 

In  the  results  relating  to  the  Mangels  the  influence  of  season  as 
well  as  of  manure,  on  the  condition  of  the  nitrogen,  is  illustrated. 

Three  plots  were  selected  for  investigation,  which,  with  pretty  full 
amounts  of  produce,  would  give  roots  of  fairly  good  degree  of  matura- 
tion, namely,  those  manured  with  rape-cake  m  addition  to  various 
mineral  manures. 

In  1878  there  were  somewhat  under-average  crops,  with  a  large 

Proportion  of  leaf,  conditions  indicative  of  comparative  immaturity. 
Tnder  these  circumstances,  the  percentage  of  total  nitrogen  m 
the  roots  was  not  high,  but  the  proportion  of  the  total  nitrogen 
existing  as  albuminoids  was  low,  namely  30*6  and  29*0  per  cent,  in  two 
cases,  and  only  20*5  per  cent  in  the  third,  but  in  this  last  case  it  was 
concluded  that  the  determination  was  too  low. 

In  the  very  wet  and  cold  season  of  1879  the  crops  were  very  small, 
and  the  percentage  of  total  nitrogen  was  low,  the  result  being,  doubtless, 
partly  due  to  loss  of  nitrogen  by  drainage.  Under  these  circumstances 
the  amounts  of  the  total  nitrogen  found  as  albuminoids  were  38*7,  41*2, 
and  40'1  per  cent,  or  an  average  of  about  40  per  cent 

In  1880  the  crops  were  much  above  the  average,  and  the  percentage 
of  total  nitrogen  was  low;  and  there  is  again,  under  the  better 
conditions  as  to  mineral  manuring,  that  is  where  potash  was  applied, 
more  than  40  per  cent  of  the  total  nitrogen  albuminoid. 

As  in  the  case  of  the  manured  Swedes,  so  in  every  case  with  the 
Mangels,  the  greater  part  of  the  albuminoid  nitrogen  is  in  the  juice, 
that  is  to  say  it  is  soluble. 

The  bottom  division  of  the  Table  shows  that  in  the  crops  of  1880, 
in  which  alone  the  amides  were  determined,  the  proportion  of  the  nitrogen 
in  that  condition  was,  in  each  case,  somewhat  over  40  per  cent,  of  the 
total  nitrogen,  or  approximately  the  same  as  that  of  the  albuminoid 
nitrogen.  Table  XIX.  (p.  38),  which  gives  the  average  composition  of 
the  eleven  New  Zealand  specimens  of  common  Turnips,  shows  that  the 
proportion  of  the  nitrogen  reckoned  as  "  amides,  &c.,"  was  50*1  per  cent 
of  the  total  nitrogen ;  that  is,  rather  more  than  was  found  as  albuminoids 
in  the  same  roots,  and  more  than  was  found  as  amides  in  the 
Bothamsted  Mangels. 

In  all  three  cases  in  1879,  and  in  two  in  1880,  the  amount  of  the 
nitrogen  existing  as  nitric  acid  was  also  determined.  It  is  seen  that, 
with  one  exception,  in  which  the  nitrogen  as  nitric  acid  amounted  to 
only  4*2  per  cent  of  the  total  nitrogen,  it  ranged  from  11  to  14  per 
cent  of  the  total.  Compared  with  these  amounts,  the  results  given  in 
Table  XIX.  show  less  than  1  per  cent,  of  the  total  nitrogen  of  the 
common  turnips  to  exist  as  nitric  acid,  and  not  much  more  than  1  per 
cent  as  ammonia.  It  may  be  added  that  in  some  determinations  made 
at  Bothamsted  in  Swedes,  the  proportion  of  the  total  nitrogen  as  nitric 
acid  was  veiy  much  less  than  in  the  Mangels. 


42  RESULTS  OF  EXPERIMEaiTTS  AT  ROTHAMSTED, 

The  results  of  Dr.  Aitken,  with  Posterton  Hybrid  Turnips,  show  in 
no  case  less  than  70,  in  several  over  90,  and  an  average  of  84*1  per 
cent,  of  the  total  nitrogen  as  albuminoids ;  that  is  about  twice  as  much 
as  was,  in  most  cases,  found  at  Rothamsted  in  Swedish  Turnips  and 
Mangel  Wurzel.  The  results  of  Mr.  David  Wilson,  with  Aberdeen 
Yellow  Turnips,  show  a  range  from  32*0  to  62*9,  and  an  average  of  47*3 
per  cent,  of  the  total  nitrogen  to  be  albuminoid.  Lastly,  those  of 
Mr.  G.  Gray,  with  the  eleven  different  specimens  of  common  Turnips 
grown  in  New  Zealand,  show  a  range  from  29*94  to  61*01,  and  an 
average  of  47*64  of  the  total  nitrogen  to  be  albuminoid. 

Thus  the  results  obtained  with  common  Turnips  by  Mr.  David 
Wilson  and  by  Mr.  G.  Gray,  agree  in  showing  an  average  of  less  than 
50  per  cent,  of  the  total  nitrogen  to  exist  as  albuminoids ;  and  their 
results  are,  so  far,  fairly  accordant  with  those  obtained  at  Rothamsted 
with  Swedes.  The  results  of  Dr.  Aitken,  on  the  other  hand,  show, 
with  Fosterton  Hybrid  Turnips,  grown  at  Pumpherston,  an  average  of 
84  per  cent,  of  the  total  nitrogen  to  be  albuminoid.  It  is,  indeed,  well 
known  that  Turnips  grown  in  certain  localities  on  the  East  of  Scotland 
have,  weight  for  weight,  a  much  higher  feeding  value  than  those  grown 
in  the  West  of  Scotland,  or  in  England.  But  it  is  certainly  very 
remarkable  that  any  such  products  as  succulent  Roots  should  contain 
as  high  a  proportion  of  their  total  nitrogen  in  the  albuminoid  condition 
as  might  be  found  in  imperfectly  ripened  grain. 

If  the  result  be  real,  and  neither  it  nor  the  season  were  exceptional, 
the  question  suggests  itself  whether  the  quality  of  feeding  roots  may 
not  be  improved  in  this  direction,  as  well  as  in  that  of  increased  yield 
of  sugar,  by  the  careful  selection  of  plants  from  which  to  grow  seed,  as 
has  been  done  with  such  marvellous  success  in  the  case  of  Sugar-beet 
with  a  view  to  an  increased  production  of  sugar.  At  the  same  time, 
the  results  which  have  been  adduced  afford  abundant  evidence  that 
roots  grown  from  the  same  seed  will  vary  very  greatly,  both  as  to  their 
percentage  of  sugar,  and  as  to  the  amount  and  the  condition  of  their 
nitrogen,  according  to  the  conditions  of  growth,  and  to  the  maturity  of 
the  crop. 

SUMMARY  AS  TO  THE  COMPOSITION,  AND  THE  FEEDINQ  QUALIFIES,  OF 

ROOTS. 

So  far  as  the  evidence  at  command  enables  us  to  judge,  there 
is  in  Mangels,  with  their  more  extended  root-range,  greater  power 
of  accumulation,  more  luxuriant  growth,  and  frequent  greater  im- 
maturity when  taken  up,  a  somewhat  less  proportion  of  the  total 
nitrogen  in  the  albuminoid  condition  than  in  either  common  Turnips 
or  Swedes.  There  is  also,  probably,  a  less  proportion  of  amide  nitrogen, 
and  pretty  certainly  a  larger  proportion  of  nitrogen  as  nitric  acid,  and 
in  other  forms. 

It  has  been  shown  that  root-crops,  as  grown  for  stock-food,  are 
essentially  sugar  crops. 

The  results  obtained  by  Mr.  David  Wilson,  with  Aberdeen  Yellow 
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Tamips,  show  an  average  of  8*91  per  cent  of  dry  matter,  and  of  4*72 
per  cent  of  sugar,  in  the  fresh  roots,  corresponding  to  52-94  per  cent 
of  sugar  in  the  dry  substance  of  the  roots. 

The  eleven  specimens  of  Turnips,  grown  in  New  Zealand,  show  an 
average  of  9*14  per  cent  of  dry  matter,  and  4*87  per  cent  of  sugar,  in 
the  freah  roots,  corresponding  to  53*4  per  cent  of  sugar  in  the  dry 
matter. 

In  Johnston's  EUmmU  of  Affriculhiral  Chmnialry  and  Oeobgy,  by 
Cameron,  the  following  estimates  of  the  average  percentages  of  dry 
matter,  and  of  sugar,  in  various  descriptions  of  roots,  are  given : — 


White 
Tninipe. 

YeUow 
Turnips. 

Swedinh 
Tumipe. 

Mangel 
Wurzd. 

Dry  Matter 
Sugar      . . 

Per  cent. 
8-00 
3-00 

Percent 
9-44 
3-90 

Percent. 

10*54 

4-60 

Percent 

1200 

6-60 

These  percentages  of  sugar  in  the  fresh  roots  correspond,  respec- 
tively, to  37*5,  41*3,  43*6,  and  46*7  per  cent  in  the  dry  substance. 

In  a  lecture  delivered  in  February,  1886,  before  the  Kingscote 
Agricultural  Association,  Dr.  Yoelcker  gives  the  following  estimates  of 
the  average  amounts  of  dry  matter,  and  of  sugar,  in  various  roots : — 


Tumipe. 

Swedes. 

MangeUi. 

Dry  Matter 

Sugar 

Per  cent 
8-6 
30 

Per  cent. 

10-6 

6-0 

Per  cent. 

IV6 

6-6 

These  amounts  of  sugar  in  the  fresh  roots  correspond  to  35*3  per 
cent  in  the  dry  substance  of  the  turnips,  to  47*6  per  cent,  in  that  of 
the  swedes,  and  to  47*8  per  cent  in  that  of  the  mangels. 

The  amounts  of  sugar  found  in  the  experimental  rotation  Swedes 
grown  at  Bothamsted  in  1880  were  : — 


In  fresh 
Roots. 


In  Dry 

Matter. 


Without  Manure 

With  Supexphosphate         

With  Mixed  Manure,  including  Nitrogen 


Per  cent. 
6-26 
769 
6-30 


Per  cent. 
49-76 
63-42 
66-77 


Table  XY.  (p.  33)  shows  that  in  Mangels  grown  with  rape-cake  and 
mineral  manures,  the  average  percentage  of  sugar  over  four  years, 
ranged,  according  to  the  mineral  manure,  from  8  0  to  9*4  per  cent  in 
the  fresh  roots,  corresponding  (with  different  percentages  of  dry  matter 
in  the  two  cases)  to  65*0  and  65*7  per  cent,  in  the  dry  substance. 

The  various  results  adduced  clearly  show,  not  only  that  the  various 
descriptions  of  Boots  differ  much  in  composition  one  from  another,  but 
that  the  composition  of  one  and  the  same  description  will  vary  very 
greatly,  acconling  to  the  conditions  of  growth,  and  of  the  maturity  of 
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the  Boots  accordingly.  It  will  nevertheless  be  useful  to  give  such 
an  estimate  as  the  evidence  at  command  permits,  of  the  approximate 
average  percentages  of  dry  matter,  and  of  sugar,  in  different  descriptions 
of  feeding  roots. 

TABLE  XXI. 

FiHtimatfiB  of  the  appzozimate  ayerage  peroentages  of  dry  matter,  and  of  sngar,  in 

different  descriptions  of  roots. 


Dry 

Matter 


Sagar  per  oent. 


In 
Fresh  Boots. 


In 
Dry  Matter. 


White  Tnmi^  . 
Yellow  Turnips. 
Swedish  Turnips 
Mangel  Wnrzd. 


Per  cent 

80 

90 
110 
12-6 


Per  cent. 
3*5  to  4-5 
4*0  to  5-0 
60  to  7-0 
7-6  to  8-6 


Per  cent. 
44  to  56 
44  to  56 
55  to  64 
60  to  68 


Thus,  then,  even  in  common  Turnips,  one  half  or  more  of  the  total 
solid  matter  of  the  roots  may  be  sugar.  Of  the  total  dry  matter  of 
Swedish  Turnips  a  larger  proportion,  and  of  that  of  Mangels  a  larger 
proportion  still,  will  be  sugar ;  indeed,  in  well-matured  Mangels,  about 
two-thirds  of  the  total  solid  matter  may  be  sugar. 

Now,  it  may  be  stated  that,  in  the  cereal  grains,  the  proportion  of 
albuminoid  matter  to  the  non-nitrogenous  food  material  (starch,  &c)  is 
about  as  1  to  6  (more  or  less) ;  and  that  this  is  a  proportion  which  may 
be  said  to  be  as  a  rule  fairly  favourable  for  the  requirements  of  fattening 
animals. 

According  to  the  results  and  calculations  of  Dr.  Aitken,  the 
albuminoid  ratio,  that  is  the  ratio  of  the  "  carbohydrates,  &c.,"  to  1  of 
albumen,  ranged  from  7*6  to  12*2,  and  averaged  about  10,  in  the  sixty 
specimens  of  Fosterton  Hybrid  Turnips  grown  at  Pumpherston.  Mr. 
David  Wilson's  results,  with  Aberdeen  Yellow  Turnips,  show  a  range 
from  6*5  to  16*4,  and  an  average  of  12*4  *'  carbohydrates,  &c"  (including 
amides,  &c.)  to  1  of  albumen.  According  to  the  calculations  of  Mr.  6. 
Gray,  in  tne  eleven  specimens  of  common  Turnips  grown  in  New 
Zealand,  the  albuminoid  ratio  ranged  from  ltol6tolto31;  and 
it  averaged  about  1  to  21.  It  would  appear  that,  in  none  of  these 
various  estimates  is  any  of  the  woody  fibre  estimated  as  digestible, 
though  it  is  probable  that  some  of  it  would  be  so  when  consumed 
by  ruminants.  On  the  other  hand,  in  the  calculations  of  Mr.  David 
Wilson  and  Mr.  G.  Gray,  the  non-albuminoid  nitrogenous  compounds 
are  included  with  the  carbohydrates,  &c  ;  but  Dr.  Aitken's  figures  do 
not  clearly  show  whether  or  not  he  has  so  included  them. 

The  estimates  are,  therefore,  obviously  only  approximations  to  the 
truth ;  but  the  results  are  nevertheless  of  much  significance  and 
importance,  in  showing  how  comparatively  very  low  is  the  proportion 
of  albuminoid  to  digestible  non-nitrogenous  matter  in  common  Turnips. 
In  the  case  of  other  roots,  such  as  Swedish  Turnips  and  Mangels,  it  is 
probable  that,  owing  to  the  greater  proportion  of  sugar  wmch  tiiey 
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contain,  the  ratio  of  the  albuminoid  to  the  non-nitrogenous  matters 
will,  as  a  rule,  be  lower  still. 

It  is  obviously  very  essential  to  give  with  Roots  other  foods  which  are 
richer  in  albuminoid  substances,  and  which  contain  a  higher  proportion 
of  albuminoid  to  digestible  non-nitrogenous  substances.  Nevertheless, 
Boots  are,  by  virtue  of  the  amount  of  sugar  they  supply,  very  valuable 
for  meeting  the  respiratory  requirements  of  the  animals,  and  also  for 
fat-forming,  and  for  milk  production,  when  given  in  due  admixture. 

In  conclusion,  from  all  the  illustrations  that  have  been  adduced,  it 
will  be  obvious  that  both  the  quantity  and  quality  of  the  produce,  and 
consequently  its  feeding  value,  will  greatly  depend  on  the  selection  of 
the  best  description  of  Roots  to  be  grown,  and  on  the  character  and  the 
amount  of  the  manure,  and  especially  on  the  amount  of  nitrogenous 
manure,  to  be  employed.  It  will  at  the  same  time  be  obvious,  that  no 
hard  and  fast  lines  can  be  laid  down  in  regard  to  these  points. 
Independently  of  the  necessary  consideration  of  the  general  economy 
of  the  farm,  the  choice  must  be  influenced  partly  by  the  character  of 
the  soil,  but  very  much  more  by  that  of  the  climate.  Judgment, 
founded  it  is  true  on  knowledge,  and  aided  by  careful  observation, 
both  in  the  field  and  in  the  feeding  shed,  must  be  relied  upon  as  the 
guide  of  the  practical  farmer. 


GENERAL  SUMKART,  AND  CONCLUSIONS. 

1.  Like  Sugar-beet  grown  for  sugar,  Roots  grown  for  feeding 
purposes,  are  very  artificial  productions.  The  swollen  root  consists  of 
a  very  abnormal  development  of  the  reserve  material  for  the  second 
growth  of  stem  and  seed  ;  and  the  conditions  of  growth,  as  to  the 
period  of  the  season  selected,  the  soil,  and  the  manuring,  are  such  as 
to  obtain  the  maximum  development  within  the  season. 

2.  Roots,  as  grown  in  our  rotations,  are  generally  considered  to  be 
restorative  crops.  But  they  depend  for  their  successful  development 
on  large  quantities  of  manure ;  which  is  sometimes  applied  for  the 
previous  grain  crop,  but  more  frequently  directly  for  the  Roots 
themselves;  and  when  grown*  without  manure, eveu'  from  the  same 
seed  as  the  manured  crop,  eitb  ar  for  a  few  years  in  succession  on  the 
same  land,  or  even  in  rotation,  they  soon  revert  to  the  uncultivated 
condition. 

3.  Independently  of  the  great  advantage  arising  from  the 
opportunity  which  the  growth  of  Roots  affords  for  the  cleaning  of  the 
land,  the  benefits  of  growing  the  crop  in  rotation  are  due — to  the  large 
amount  of  manure  applied  for  its  growth,  to  the  large  residue  of  the 
manure  left  in  the  soil  for  future  crops,  to  the  large  amount  of  matter 
at  once  returned  as  manure  again  in  the  leaves,  to  the  large  amount 
of  food  produced,  and  to  the  small  amount  of  the  most  important 
manurial  constituents  of  the  roots  which  is  retained  by  the  animals 
consuming  them,  the  rest  returning  as  manure  again. 
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4*  It  18  entirdy  ialUudoos  to  sappose  that  Boot-ctope  gain  a  laige 
amount  of  nitrogen  from  atmosphoic  sources  by  means  of  their 
extended  leaf-sorface.  No  crop  is  more  dependent  on  nitrogen  in  an 
available  condition  within  the  soil ;  and  if  a  good  crop  of  Tomipe  is 
grown  by  superphosphate  of  lime  alone,  it  is  a  proof  that  the  soil  contained 
the  necessary  nitrogen.  In  fact,  provided  the  season  be  favonrable,  the 
amdiUon  of  land,  so  far  as  nitrogen  is  concerned,  may  be  more  rapidly 
ezhaosted  by  the  growth  of  Tomips  by  saperphosphate  than  by  any 
other  crop. 

6.  A  characteristic  difference  between  the  nneoltivated  and  the 
cultivated  Turnip  root  is,  that  the  cultivated  root  contains  a  much  lower 
percentage  of  nitrogen,  and  a  much  higher  percentage  of  non-nitn^noua 
constituents,  especially  sugar,  by  the  accumulation  of  which  the  per- 
centage of  nitrogen  is  reduced.  Yet  it  is  under  the  influence  of 
nitrogenous  manures  that  the  greatest  amount  of  the  non-nitrogenoua 
substance — sugar — is  produced^ 

6.  If  nitrogenous  manures  are  used  in  excess,  that  is  in  such 
amount  as  so  to  force  luxuriance  that  the  roots  do  not  properly  mature 
within  the  season,  there  will  be,  not  only  a  restricted  production  of 
root^  but  an  undue  amount  and  proportion  of  leaf.  In  fitct,  the  higher 
the  nitrogenous  manuring,  and  the  heavier  the  soil,  the  greater  is  the 
tendency  to  produce  a  large  amount  of  leaf. 

7.  In  the  case  of  both  common  and  Swedish  Turnips,  the  leaf 
contains  a  much  higher  percentage  of  dry  substance  than  the  root ; 
and  the  dry  substance  of  the  leaf  contains  a  much  higher  percentage 
of  both  nitrogen  and  total  mineral  matter  than  does  th^  of  the  root. 

8.  Common  Turnips  yield  a  much  higher  proportion  of  leaf  to  root 
than  Swedish  Turnips ;  and  if  the  leaf  be  unduly  developed,  there  may 
even  be  more  nitrogen,  and  more  total  mineral  matter,  remaining  in  the 
lei^  to  serve  only  as  manure  again,  than  accumulated  in  the  root  to  be 
used  as  food.  In  the  case  of  Swedish  Turnips,  however,  not  only  is  the 
proportion  of  leaf  to  root  very  much  less  under  equal  conditions  of 
growth,  but  the  amount  of  (by  matter,  of  nitrogen,  and  of  mineral 
matter,  remaining  in  the  leaf,  is  very  much  less  than  in  the  root.  In 
fact,  whilst  in  the  case  of  common  Turnips  a  very  large  amount  of  the 
matter  grown  is  accumulated  in  the  leaf  and  only  serves  as  manure 
again,  in  that  of  Swedish  Turnips  a  comparatively  small  proportion  of 
the  produce  is  useless  as  food  for  stock. 

9.  The  root  of  the  Swedish  Turnip  contains  a  less  percentage  of 
water,  that  is  a  higher  percentage  of  solid  matter  or  food-material, 
than  that  of  the  common  Turnip.  The  dry  or  solid  matter  of  the 
Swedish  Turnip  root  also  contains  a  lower  percentage  of  mineral  matter, 
and  consequently  a  higher  proportion  of  organic  food-substance. 

10.  The  more  deeply  and  powerfully  rooting,  and  more  vigorous 
Mangel,  is  sown  earlier,  has  a  longer  cycle  of  growth,  and  even  under 
the  same  conditions  as  to  manuring,  yields  more  produce  per  acre  than 
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either  common  or  Swedish  Turnips.     It  requires,  however,  for  full  crops, 
much  heavier  dressings  of  manure. 

U.  The  proportion  of  Mangel  leaf  to  root  is,  as  a  rule,  very  much 
less  than  in  the  case  of  common  Turnips,  but  more  than  in  that  of 
Swedish  Turnips. 

12.  With  the  more  extended  root  range  of  the  Mangel,  it  is  less 
dependent  on  continuity  of  rain  when  growth  is  once  well  established ; 
and  it  bears,  or  rather  requires,  for  its  full  development,  a  higher 
temperature  than  the  Turnip. 

13.  The  Mangel  root  contains  a  higher  percentage  of  solid  matter 
than  either  common  or  Swedish  Turnips.  But  whilst  the  Turnip  leaf 
contains  a  much  higher  percentage  of  dry  matter  than  the  Turnip  root, 
the  Mangel  leaf  contains  a  much  lower  percentage  of  dry  matter  than 
the  Mangel  root;  and  also  a  very  much  lower  percentage  than  the 
Turnip  1^. 

14.  As  in  the  case  of  Turnips,  the  dry  substance  of  the  Mangel 
leaf  contains  a  much  higher  percentage  of  both  nitrogen  and  mineral 
matter  than  does  the  dry  substance  of  the  root.  Indeed  the  dry 
substance  of  the  Mangel  leaf  contains  not  far  from  twice  as  high  a 
percentage  of  mineral  matter  as  that  of  the  Turnip  leaf ;  but  it  contains 
upon  the  whole  a  rather  lower  percentage  of  nitrogen  than  that  of 
tihe  Turnip  leaf.  It  would  seem  that  the  Mangel  leaf  is  more  fully 
exhausted  of  migratory  organic  matters  in  the  greater  development  of 
the  root,  than  is  the  Swede  leaf,  and  more  still  than  the  common  Turnip 
leaf. 

16.  Superphosphate  is  much  less  beneficial  to  Mangels  than  to 
Turnips.  In  mangels,  as  in  Turnips,  the  amount  of  dry  substance  grown 
has  a  very  direct  relation  to  the  amount  of  nitrogen  available  within 
the  soil.  But  more  vegetable  substance  was  produced,  and  more  stock- 
food  yielded,  from  a  given  quantity  of  nitrogen  applied  to  Mangels, 
than  to  either  description  of  Turnips.  By  the  application  of  nitrogen 
to  the  soil  for  Mangels,  there  was,  in  many  cases,  an  increased 
assimilation  of  about  a  ton  of  carbon  per  acre  from  the  atmosphere. 

16.  Taking  the  average  of  six  years,  the  amount  of  nitrogen 
recovered  in  the  increased  crop  of  Mangel  roots  was  about  60  per  cent 
of  that  supplied  when  nitrate  of  soda  was  used,  about  42  per  cent 
when  ammonium-salts,  about  50  per  cent,  when  rape  cake,  and  about 
46  per  cent  when  an  excessive  amount  in  a  mixture  of  rape  cake  and 
ammonium-salts  was  employed.  There  was,  of  course,  an  additional 
amount  accumulated  in  the  leaves,  but  these  were  annually  returned  to 
the  soil  as  manure. 

17.  When  farmyard  manure  is  applied  for  Mangels,  larger  amounts 
of  nitrogen  are  supplied  per  acre  than  were  used  in  any  of  the  Rothamsted 
experiments  with  artificial  manures,  a  less  proportion  of  the  nitrogen 
supplied  is  recovered  in  the  increase  of  crop,  and  more  remains  for 
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fatare  crops.  It  is  the  nitrogen  of  the  liquid  dejections  of  the  anii 
that  is  first  rendered  available  within  the  soil,  then  that  of  the  finely 
comminuted  matter  mixed  with  some  secretions  in  the  solid  excrements, 
and  finally  that  of  the  litter. 

18.  As  in  the  case  of  Turnips,  these  assumed  restorative  crops  are 
themselves  pre-eminently  dependent  on  manure  for  their  development. 
They  produce  a  large  amount  of  vegetable  substance,  but  a  large 
amount  of  the  manure  remains  for  future  crops ;  whilst,  of  the  substance 
grown,  that  accumulated  in  the  leaf  is  at  once  manure  again,  and  of  the 
portion  used  as  food  by  far  the  larger  proportion  of  the  constituents 
valuable  as  manure  is  eventually  recovered  as  such  in  the  excrements  of 
the  animals.  When,  however,  the  roots  are  consumed  for  the  producuon 
of  milk,  the  loss  to  the  manure  will  be  greater  than  when  they  are 
consumed  by  either  store  or  fattening  stock. 

19.  The  selection  of  the  proper  description  of  Roots  to  be  grown 
cannot  be  settled  merely  by  a  consideration  of  the  amount  of  produce 
obtained  from  a  given  quantity  of  manure,  of  the  proportion  of  the 
crop  which  is  available  as  food  for  stock  or  only  remains  for  manure 
again,  or  of  the  high  or  low  percentage  of  solid  matter  in  the  food 
portion  of  the  crop.  The  general  economy  of  the  farm,  the  character 
of  the  soil,  but  more  especially  that  of  the  climate  of  the  locality,  must 
also  be  taken  into  account.  The  great  influence  of  climate  is  strikingly 
Ulustrated  by  the  different  proportions  in  which  the  different  descriptions 
of  Eoots  are  grown  in  different  divisions  of  the  United  Eangdom. 

20.  The  experiments  showed  a  higher  percentage  of  dry  matter 
in  Swedish  than  in  common  Turnips,  and  a  higher  percentage  in  Mangels 
than  in  Swedes.  But,  with  each  description  of  Roots,  the  range  in  the 
percentage  was  considerable,  according  to  season  and  to  manuring. 
The  percentage  of  dry  matter  was  the  lower,  the  greater  the  excess  o£ 
nitrogenous  manure,  the  greater  the  luxuriance,  the  larger  the  cropsy 
and  me  less  matured  the  roots ;  and  it  was,  conversely,  the  higher  the 
more  matured  the  Roota 

21.  The  percentage  of  mineral  matter  in  the  Roots  was  the  higher, 
the  greater  the  luxuriance,  and  the  more  crude  and  unripe  the  Roots. 

22.  The  percentage  of  nitrogen  in  the  Roots  was  very  small,  but 
very  variable.  It  was  the  higher  the  more  nitrogen  was  applied  by 
manure,  the  greater  the  luxuriance,  and  the  less  matured  the  Roots ; 
and  it  was  the  lower  the  riper  the  Roots. 

23.  Nearly  two-thirds  of  the  dry  substance  of  Mangels  was  found 
to  be  sugar.  The  percentage  of  sugar  was  the  greater  the  more  mature 
the  Roots ;  and  it  was  consequently  the  greater  in  the  Roots  of  the 
smaller  crops.  But  the  amount  of  sugar  per  acre  was  much  the 
greatest  with  the  largest  crops ;  that  is  where  the  most  nitrogen  was 
applied  in  the  manure.  The  Roots  grown  by  farmyard  manure  alone 
contained  more  than  one  ton  of  sugar  per  acre ;  and  by  the  addition 
of  artificial  nitrogenous  manure  to  Uie  farmyard  manure,  there  was  an 
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increase  of  more  than  half  a  ton  of  sugar  per  acre.  In  several  cases 
the  addition  of  artificial  nitrogenous  to  a  complete  mineral  manure, 
increased  the  production  of  sugar  by  more  than  a  ton  per  acre. 

24.  By  the  addition  of  nitrogenous  to  a  complete  mineral  manure, 
1  lb.  of  nitrogen  applied  as  nitrate  of  soda  yielded  an  increase  of  22*1 
lbs.  of  sugar;  1  lb.  nitrogen  as  ammonium-salts  19  lbs.  of  sugar ;  1  lb. 
as  rape  cake  20  8  lbs.  of  sugar ;  and  1  lb.  of  nitrogen  applied  in 
excessive  amount  in  a  mixture  of  rape  cake  and  ammonium-salts  gave 
an  increase  of  only  13*7  lbs.  of  sugar. 

26.  In  ripened  products  by  far  the  larger  proportion  of  the 
nitrogen  exists  in  the  most  favourable  food-condition  of  albuminoids, 
or  protein  compounds ;  but  in  unripened  ones,  and  especially  in  such 
succulent,  crude,  and  immature  productions,  as  feeding  roots,  a  large 
portion  of  the  nitrogen  exists  in  the  much  loss  valuable  condition  of 
amide-compounds,  and  in  some  cases  a  not  inconsiderable  amount  is  in 
the  non-food,  or  even  injurious  forms,  of  nitrates  and  ammonium  salts. 

26.  In  Mangels,  with  their  more  luxuriant  growth,  and  frequent 
greater  immaturity  when  taken  up,  there  is  probably,  as  a  rule,  a  less 
proportion  of  the  total  nitrogen  in  the  albuminoid  condition  than  in 
either  common  Turnips  or  Swedes.  There  is  also  probably  a  less 
proportion  of  amide  nitrogen,  and  pretty  certainly  a  larger  proportion 
of  nitrogen  as  nitrates  and  in  other  forma  But  the  range  in  the 
proportion  of  the  nitrogen  as  albuminoids  varies  very  much  with  each 
description  of  roots,  being  the  less  the  greater  the  luxuriance,  and  the 
less  matured  the  crop. 

27.  Feeding  roots  are  essentially  sitgar  crops.  Although  the 
percentage  of  dry  matter  varies  considerably  with  each  description  of 
Boot,  according  to  the  conditions  of  growth,  the  average  amount  of 
dry  matter  may  be  taken  as,  approximately,  8  per  cent,  in  white 
Turnips,  9  per  cent  in  yellow  Turnips,  11  per  cent,  in  Swedes,  and 
12*5  per  cent,  in  Mangels.  Of  the  dry  matter  of  white  and  yellow 
Turnips  nearly,  or  more  than  half,  may  be  suear ;  of  that  of  Swedes 
more  than  half;  and  of  that  of  Mangels  near^,  or  as  much  as,  two- 
thirds  may  be  sugar. 

28.  In  cereal  grains,  the  proportion  of  albuminoid  matter  to 
non-nitrogenous  food-material  is  about  as  1  to  6.  In  roots  the  albumi- 
noid ratio  varies  very  greatly ;  but  it  is  probably  seldom  more  than  1 
to  12,  and  frequency  as  low  as  1  to  20  or  more.    The  ratio  will 

i)robably,  as  a  rule,  be  lower  in  Swedes  than  in  common  Turnips,  and 
ower  still  in  Mangels. 

29.  With  Boots,  should  be  given  other  foods,  richer  in  albuminoid 
matters,  and  which  contain  a  higher  proportion  of  albuminoid  to 
digestible  non-nitrogenous  substances;  but  they  are,  by  virtue  of  the  large 
amount  of  sugar  they  supply,  very  valuable  for  meeting  the  respiratory 
requirements  of  the  animals,  also  for  fat-forming,  and  for  milk-pro- 
duction. 
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30.  Both  the  qaantity  and  the  quality  of  feeding  Roots,  and 
consequently  the  feeding  value  of  the  crop,  depend  greatly  on  the 
description  grown,  and  on  the  character  and  amount  of  the  manure, 
and  especially  on  the  amount  of  nitrogenous  manure,  employed. 
Independently  of  the  necessary  consideration  of  the  general  economy 
of  the  farm,  the  choice  on  these  points  must  be  guided,  partly  by  the 
character  of  the  soil,  but  very  much  more  by  that  of  the  cumate  of 
the  locality. 
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INTRODUCTION. 

My  lecture  here  last  year  was  devoted  to  the  consideration  of  the 
conditions  and  the  results  of  growth  of  the  pre-eminently  sugar-yielding 
root-crops,  and  I  have  now  to  direct  your  attention  to  the  conditions 
and  the  results  of  growth  of  the  pre-eminently  starch-yielding  Potato. 

From  the  point  of  view  of  the  vegetable  physiologist  the  Potato  is 
not  a  root,  but  a  tuber ;  but  from  the  point  of  view  of  the  agriculturist 
it  might  well  be  classed  as  a  root-crop. 

It  does  not  fall  within  my  scheme  of  illustration,  to  discuss  at  any 
length  the  history  of  the  Potato  as  a  European  crop.  It  will  suffice  to 
say  that  it  seems  to  have  been  introduced  into  this  country  from 
Virginia,  just  about  three  centuries  ago ;  though  it  is  probable  that  it 
had  been  introduced  into  Portugal,  and  thence  into  other  continental 
countries,  some  yean  earlier. 

It  is  also  outside  of  my  plan  to  enter  into  a  consideration  of  the 
comparative  characters  of  the  enormous  number  of  varieties  now 
cultivated ;  or  of  the  differences  in  the  treatment  of  the  crop,  according 
to  soil,  climate,  and  other  local  ciroumstances. 
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My  special  object  is  to  show  the  general  requirements  of  the  crop, 
both  actually,  and  as  compared  with  other  crops,  and  the  actual  and 
comparative  characters  and  composition  of  the  product  obtained. 

As  in  my  lectures  on  other  crops,  I  propose  to  draw  my  illustrations, 
mainly  from  the  results  of  Field  experiments  on  the  growth  of  the 
Potato  by  different  manures,  for  a  number  of  years  in  succession  on  the 
same  land,  at  Eothamsted,  and  from  those  of  collateral  investigations 
into  the  composition  of  the  produce,  made  in  the  Eothamsted 
Laboratory.  I  shall,  however,  bring  to  my  aid  the  results  of  other 
investigators,  so  far  as  the  subject  may  require,  and  my  limits  as  to 
time  and  space  will  permit 

PRODUCE  WITHOUT  MANURE,  AND  WITH  VARIOUS  ARTIFICIAL  MANUREa 

First  as  to  the  average  produce  of  Potatoes,  per  acre,  per  annum, 
without  manure,  and  with  different  descriptions  of  manure. 

Table  I.  (p.  3),  shows  the  results  obtained  without  manure,  and  by 
six  different  descriptions  of  artificial  manure ;  and  Table  II.  (p.  7), 
shows  the  results  without  manure,  and  with  farm-yard  manure,  either 
alone,  or  with  other  manures. 

In  each  case,  the  particulars  given  are,  the  average  annual  amounts 
obtained  per  acre,  of  good,  of  small,  and  of  diseased  Potatoes,  the  total 
amount  of  tubers,  and  the  percentage  of  diseased  in  the  total  produce. 
In  the  case  of  the  artificial  manure  series,  these  particulars  are  given, 
for  the  first  four,  the  second  four,  the  third  four,  and  the  total  period 
of  twelve  years,  of  the  continuous  growth  of  the  crop  on  the  same 
land ;  and  in  the  case  of  the  farm-yard  manure  series,  the  results  are 
given  for  six,  six,  and  twelve  years. 

The  artificial  manure  series  comprises  the  following  conditions  as  to 
manuring : — 

1.  Without  manure. 

2.  Superphosphate  of  lime  alone. 

3.  A  *'  mixed  mineral  manure,"  containing  superphosphate,  and 

salts  of  potash,  soda,  and  magnesia. 

4.  Ammonium-salts  alone,  supplying  86  lbs.  of  nitrogen,  per  acre 

per  annum. 

5.  Nitrate  of  soda  alone,  also  supplying  86  Iba  of  nitrogen,  per 

acre  per  annum. 

6.  The    ammonium-salts,    and  the    "mixed  mineral  manure" 

together. 

7.  The  nitrate  of    soda,   and  the    *^  mixed   mineral   manure " 

together. 

It  should  be  added,  that  the  description  of  Potatoes  grown  during 
the  first  four  years  was  the  "  Rock,"  but  subsequently  the  "  Champion, 

The  last  column  but  one  of  Table  I.  shows  that,  without  manure, 
with  ammonium  salts  alone,  and  with  nitrate  of  soda  alone,  the  average 
produce  of  tubers  was  less  over  each  succeeding  period  of  four  years. 
On  the  other  hand,  with  the  superphosphate  alone,  with  the  mixed 
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TABLE  I. 

POTATOES. 

Chrovon  year  after  year  on  the  same  land,  Hooftfield,  Bothamated. 

ManoieB  and  Produce  per  acre  per  annum ;  12  years,  1876-1887. 


Good, 


Small. 


Diseased. 


Total. 


Per  cent. 
Diseased 
iuTotaL 


Unmanu&ed.     (Plot  1.) 


Averages' 


4  years,  1876-1879 
4  years,  1880-1883 
4  years,  1884-1887 


12  years,  1876-1887     1    13J 


cwts. 


Tons. 
0 
0 
0 


cwts. 


0      5 


0      li 


Tons.  cwts. 
2     12f 
1     18} 
1      8 


1     19f 


Per  cent. 
5-14 
1-63 
1-43 


315 


SUPBRPHOSPHATB  OF  LlME.      (Plot  9.) 


Averages- 


4  years,  1876-1879 
4  yeaiB,  1880-1883 
4  years,  1884-1887 

12  years,  1876-1887 


0  81 
0  7 
0      3| 


0  ^ 
0  2| 
0      1 


0      5|        0      2f 


3    13| 


6-89 
2-16 
1-98 


3-66 


MixBD  Mineral  Manure. 

(Plot  10.) 

Averages  •< 

^   4  yeare,  1876-1879 
4  years,  1880- 1883 
4  years,  1884-1887 

,  12  years,  1876-1887 

I  i 

0    ei 

0      4| 
0      3| 

0      1 

3  16\ 

4  16 
2    14| 

6-90 
1-64 
1-87 

1 

3      7t 

0      44 

0      21 

3    15i 

3-45 

Ammonium  Salts  »  86  lbs.  Nitrogen.    (Plot  5.) 


Averages- 


4  years,  1876-1879 
4  years,  1880-1883 
4  years,  1884-1887 

12  yeara,  1876-1887 


0 
0 
0 


1    17f    '    0      6|    I    0      14    II    2      6f 


7-46 
1-76 
1-36 


4*06 


Nitrate  of  Soda  *s  86  lbs.  Nitrogen.    (Plot  6.) 


years,  1876-1879 

years,  1880-1883 

Averages  ^    4  years,  1884-1887 

( 12  years,  1876-1887 


I    4 


3 
2 
1 


2 
1?* 


4| 


0 
0 
0 


6 
6 
34 


0 
0 
0 


0      5i    I    0      2| 


9-09 
1-17 
1-16 


2    121 


4*93 


Ammonium  Salts  ==  86  lbs.  Nitrogen,  and  Mixed  Mineral  Manure.    (Plot  7.) 


4  years,  1876-1879| 
4  years,  1880-1883 
Averages^    4  years,  1884-1887 


5  14 
7  19 
4      3 


0 
0 
0 


8| 
6 


12  years,  1876-1887.    6    184    I    0      7i 


0  15^ 
0  8 
0      1 


0      8| 


6    18 

8 

4 


}^ 


6    14J 


11-08 
4-96 
1-49 


6-26 


Nitrate  of  Soda  =  86  lbs.  Nitrogen,  and  Mixed  Mineral  Manure.    (Plot  8.) 


4  years,  1876-1879 

4  years,  1880-1883 

Average0'<    4  years,  1884-1887 

12  years,  1876-1887 


5  19 
7  10 
4      2 


I 


6171 


0 
0 
0 


8 
6 
5 


0      6| 


0    18j 
0      7 
0      1 


0      9i 


6    13 


12-82 
4-70 
1-73 


7-00 


Summary.    Average  12  Years.    1876-1887. 


Unmanured 
Superphosphate  . . 
Mixed  Mineral  Manure 
Ammonium  Salts  alone 
Nitrate  of  Soda  alone  . . 
Ammonium  Salts  and  Mixed 

Mineral  Manure 
Nitrate  of  Soda  and  Mixed 

Mineral  Manure    . . 


1 
3 
3 
1 
2 


6| 


0 
0 
0 
0 
0 


\{ 

2i 

2 

l[ 

2| 
8| 


6    13 


315 
3-66 
3-45 
4-06 
4*93 

6-26 
7-00 
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mineral  manure  alone,  with  the  ammonium  salts  and  mixed  mineral 
manure  together,  and  with  the  nitrate  of  soda  and  the  mixed  mineral 
manure  together,  there  was  more  produce  over  the  second  four  years 
than  over  the  first ;  but  there  was  a  marked  reduction  over  the  third 
four  years.  It  is  evident,  therefore,  that  the  falling  off  over  the 
second  four  years  in  the  other  cases  was  not  to  be  accounted  for  by  less 
favourable  seasons  only.  The  conclusion  is  rather,  that  by  the 
continuous  growth  of  the  crop  without  manure,  or  by  nitrogenous 
manures  alone,  the  available  supplies  of  the  necessary  mineral  con- 
stituents within  the  soil/  became  relatively  deficient. 

But  the  great  decline  over  the  third  four  years,  under  all  conditions 
of  manuring,  even  where  there  was  a  full  supply  of  both  nitrogen  and 
mineral  constituents,  shows  that  the  seasons  were  then  less  favourable 
for  luxuriant  growth.  Doubtless,  too,  with  the  mineral  manures  alone, 
the  available  supply  of  nitrogen  within  the  soil,  and  with  the  nitro- 
genous manures  alone,  the  avaUable  supply  of  mineral  constituents, 
had  become  deficient 

A  point  of  considerable  interest  brought  to  view  in  the  last  column 
of  the  Table  is,  that  there  was,  under  every  condition  of  manuring,  a 
very  much  larger  proportion  of  diseased  tubers  over  the  first  four  years, 
when  the  '^  Rock  "  was  grown,  than  afterwards  with  the  "  Champion." 
The  very  bad  result  over  the  first  four  years  was,  however,  doubtless 
in  great  measure  due  to  the  character  of  the  seasons  also,  which 
included  some  exceedingly  wet  and  unfavourable  ones.  With  the 
"  Champion,"  there  was,  upon  the  whole,  a  less  proportion  of  diseased 
tubers  over  the  third  than  over  the  second  period  of  four  years.  It  is 
true,  that  the  later  years  were  generally  drier,  and  therefore  less 
favourable,  both  for  luxuriance  of  growth,  and  for  the  development  of 
the  disease.  Nevertheless,  it  is  of  interest  to  observe  that  the  amount 
of  disease  was  not  enhanced  by  the  continuous  growth  of  the  crop  on 
the  same  land,  as  is  frequently  assumed  to  be  the  case.  It  is  further  of 
interest  to  note  that,  with  the  highest  manuring,  and  the  most  luxuriant 
growth,  that  is  where  ammonium  salts  or  nitrate  of  soda,  and  the 
mixed  mineral  manures,  were  used  together,  there  was,  over  the  second 
four  years,  even  with  the  "  Champion,"  a  much  higher  proportion  of 
diseased  tubers  than  with  any  of  the  other  manures ;  though,  over  the 
third  period,  of  drier  seasons,  the  proportion  was  about  as  low  as  under 
the  other  conditions  of  manuring. 

In  the  summary  at  the  bottom  of  the  Table  is  given  the  average 
produce  over  the  total  period  of  twelve  years,  under  each  of  the  different 
conditions  as  to  manuring.  It  will  suffice  to  call  special  attention  to 
the  column  showing  the  total  produce  of  tubers — good,  small,  and 
diseased — and  to  the  last  column,  showing  the  average  percentage  of 
diseased  tubers,  under  each  condition  of  manuring. 

In  the  first  place,  the  average  produce  over  twelve  years  without 
any  manure,  is  not  quite  2  tons  per  acre ;  and  it  will  be  remembered 
that  there  was  a  considerable  decline  from  period  to  period  under  this 
exhausting  treatment.     Nevertheless,  as  will  be  seen  further  on,  this 
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low  yield  without  manure,  for  twelve  years  in  succession  on  the  same 
land,  is  about  as  much  as  the  average  produce  under  ordinary  cultivation 
in  the  United  States,  and  nearly  two-thirds  as  much  as  in  some 
important  European  countries. 

By  superphosphate  of  lime  alone  the  produce  is  raised  from  an 
average  of  scarcely  2,  to  nearly  Si  tons;  and  by  a  mixed  mineral 
manure,  containing,  besides  superphosphate  of  lime,  salts  of  potash, 
soda,  and  magnesia,  to  just  over  3|  tons,  that  is  to  very  little  more  than 
by  the  superphosphate  alone.  It  is  evident,  therefore,  that  up  to  this 
amount  of  production,  the  character  of  the  exhaustion  induced  by  the 
growth  of  the  crop  on  this  land,  which  was,  agriculturally  speaking, 
in  a  somewhat  e^mausted  condition,  was  much  more  that  of  available 
phosphoric  acid  than  of  potash,  or  the  other  bases. 

In  reference  to  this  increase  of  produce  of  Potatoes  by  mineral 
manures  alone,  it  may  be  observed  that  the  result  is  quite  consistent 
with  that  obtained  with  root-crops  having  comparatively  shallow 
root^levelopment ;  and  in  such  cases  the  source  of  the  nitrogen  is 
chiefly  the  store  of  it  in  the  surface  soil.  The  beneficial  effects  of 
mineral  manures,  and  especially  of  phosphates,  are  indeed  observed 
generally  with  ripened  as  well  as  with  succulent  crops  which  are  spring 
sown,  and  which  have,  with  a  short  period  of  growth,  comparatively 
superficial  rooting,  and  which  rely  therefore  much  on  the  stores  of  the 
surface  soil. 

It  is  remarkable  that  there  is  much  less  increase  of  produce  of 
Potatoes  by  nitrogenous  manures  alone  than  by  mineral  manures  alone. 

Thus,  by  ammonium  salts  alone  there  is  an  average  produce  of 
scarcely  2  tons  6  cwts.,  or  only  about  6  cwts.  more  than  without 
manure ;  and  with  nitrate  of  soda  alone  there  is  an  average  of  only 
2  tons  12^  cwts.  per  acre.  The  better  result  by  nitrate  of  soda  than 
by  ammonium  salts  is  doubtless  due  to  the  nitrogenous  supplv  being 
more  immediately  avaUable,  and  more  rapidly  distributed  within  the 
soil,  and  so  inducing  a  more  extended  development  of  feeding  root 

These  negative  results  by  the  nitrogenous  manures  alone,  confirm  the 
conclusion  that  by  the  continuous  growth  of  the  crop  on  this  land,  it 
was  the  available  supply  of  minersd  constituents  within  the  root-range 
of  the  plant,  more  than  that  of  nitrogen,  that  became  deficient. 

The  last  two  lines  of  the  Table  show,  that  with  the  mixed  mineral 
manure  and  ammonium  salts  together,  there  was  an  average  of  about 
6  tons  14^  cwts.,  and  with  the  mixed  mineral  manure  and  the  same 
amount  of  nitrogen  as  nitrate  of  soda,  an  average  of  6  tons  13  cwts. ; 
that  is,  nearly  twice  as  much  as  with  the  mineral  manure  alone,  and 
much  more  than  twice  as  much  as  with  the  nitrogenous  manure  alone. 
These  amounts,  it  may  be  observed,  are  higher  than  the  estimated 
average  produce  of  either  Division  of  the  United  Kingdom;  indeed, 
more  than  one  and  a  half  time  as  high  as  in  Ireland  in  recent  years. 
At  any  rate  the  amounts  of  produce  obtained  by  the  mixture  of  both 
mineral  and  nitrogenous  manures  are  sufficient  to  show  that,  although 
the  land  is  by  no  means  specially  adapted  for  Potatoes,  the  results  may 
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be  taken  as  normal  and  trastworthy;  and  as  fairly  indicating  ihe 
characteristic  manorial  requirements  of  the  crop  ;  and  the  conclusion  is 
that,  in  an  agriculturally  exhausted  soil,  both  mineral  and  nitrogenouB 
manures  are  required  to  give  full  crops. 

Finally,  in  reference  to  this  summary  of  the  results,  the  last  column 
shows  the  average  percentage  of  diseased  tubers  under  each  of  the 
several  conditions  as  to  manuring.  It  is  seen  that,  without  manure,  and 
with  purely  mineral  manures,  the  proportion  of  diseased  tubers  is  much 
less  than  where  nitrogenous  manures  were  applied ;  and  again,  that  it 
was  less  where  the  nitrogenous  manures  were  applied  alone,  than  when 
in  conjunction  with  mineral  manures;  and  where,  consequently,  the 
luxuriance  of  growth,  and  the  amounts  of  produce,  were  the  greatest 
To  this  result  I  shall  have  to  refer  again  further  on. 

PRODUCE  WITHOUT  MANURE,  AND  WITH  FARM-TARD  MANURE. 

Table  11.  (p.  7),  gives  the  results  obtained  by  farm-yard  manure, 
alone,  or  with  other  manures,  compared  with  those  without  manure. 
It  will  be  seen  that  the  average  produce  per  acre,  per  annum,  is  not, 
as  in  the  case  of  the  artificial  manure  series,  given  for  the  first,  second, 
and  third  periods  of  four  years  each,  and  for  the  twelve  years,  but  for 
six,  six,  and  twelve  years ;  there  having  been,  as  the  Table  shows,  a 
change  in  the  manuring,  in  two  cases  after  six  years,  and  in  the  third 
after  seven  years;  and,  for  comparison  with  the  manured  plots,  the 
produce  without  manure  is  now  also  given  for  six,  six,  and  twelve 
ye^rs.  It  is  to  be  understood,  however,  that,  as  in  the  other  experiments, 
so  in  these,  the  "  Rock "  was  grown  in  the  first  four  years,  and  the 
"Champion"  afterwards. 

As  before,  we  may  confine  detailed  attention  to  the  column  of 
average  total  produce  of  tubers — good,  small,  and  diseased,  together — 
and  to  the  last  column,  showing  the  average  percentage  of  diseased 
Potatoes  in  the  total  produce. 

As  already  shown,  the  average  produce  without  manure  declined 
considerably  over  the  later  years. 

The  second  division  of  the  Table  shows  that,  with  an  annual 
application  of  14  tons  farm-yard  manure  per  acre,  supplying  perhaps 
about  200  lbs.  of  nitrogen  per  acre  per  annum,  there  was  an  average 
produce  over  six  years  of  only  about  5^  tons  ;  and,  as  shown  in  the  third 
division,  the  addition  of  superphosphate  of  lime  raised  the  produce  to 
scarcely  5  tons  12  cwts.,  or  by  only  about  7  cwts.  The  fourth 
division  shows,  however,  that  by  the  further  addition  of  nitrate  of 
soda,  supplying  86  lbs.  of  nitrogen  per  acre  per  annum,  in  a  much 
more  readily  available  condition  than  most  of  that  in  the  farm-yard 
manure,  the  average  annual  produce  of  tubers  was  raised  to  7  tons  2 
cwts.,  or  by  H  ton  more. 

Comparing  these  results  with  those  obtained  by  artificial  manures 
alone,  we  find  that  farm-yard  manure,  which,  besides  an  abundanc€i  of 
mineral  matters,  and  a  lai^  amount  of  organic  substance  rich  in  carbon, 


ON  THE  GROWTH  OF  POTATOES.  7 

supplied  annually  about  200  lbs.  of  nitrogen,  gave  considerably  less 
produce  than  an  artificial  mixture  of  mineral  manures  and  ammonium 
salts  or  nitrate  of  soda,  supplying  only  86  lbs.  of  nitrogen  per  acre 
per  annum.  The  fact  is,  that  it  is  only  the  comparatively  small 
proportion  of  the  nitrogen  of  farm-yard  manure  which  is  due  to  the 
liquid  dejections  of  the  animals,  that  is  in  a  readily  and  rapidly 
available  condition;  whilst  that  due  to  more  or  less  digested  matter 
passing  in  the  foeces,  is  more  slowly  available,  and  that  in  the  litter 
remains  a  very  long  time  inactive.  Hence,  the  addition  of  nitrogen  as 
nitrate  of  soda  to  the  farm-yard  manure  had  a  very  marked  effect. 


TABLE  II. 

POTATOES. 

Grown  year  afUr  year  on  the  same  land,  Hoosfield,  Jfothafruted, 

Manures  and  Produce  per  acre  per  annum ;  12  years,  1876-1887. 


Good. 


Small. 


Diseased. 


ToUl. 


Per  cent. 
Diseased 
in  Total. 


UNMANxmBD,  12  years.    (Plot  1.) 


6  years,  1876-1881 
Averages]   6  years,  1882-1887 

12  years,  1876-1887 


Tons.  cwts. 

1     171 

1      9 


1     13J 


Tons,  cwts 
0 
0 


0 


Tons,  cwts, 

0      2 

0      Oh 


H 


Tons.  cwts. 

1  isl 


1     19f 


Par  cent. 
4-27 
1-63 


316 


Fabm-yard  Manure, 

6  Years  ; 

Unmanurbd,  6  Years.    (Plot  2.) 

/   6  years,  1876-1881 
Averages      6  years,  1882-1887 

4    lU 
2    13i 

0      7 
0      64 

S  ft 

5      4| 
3      1 

5-54 
2-88 

( 12  years,  1876-1887 

3    12i 

0      6J 

0      3f 

4      2i 

4-66 

Farm-yard   Manure   and    Superphosphate,    7  Years;    Farm-yard   Manure 

ALONE,  6  Years.    (Plot  3.) 


Averages 


6  years,  1876-1881 
6  years,  1882-1887 

12  years,  1876-1887 


4 
3 


17 


U 


0 
0 


7i 
6| 


0      61 


0 
0 


0      4J 


5 
4 


6, 


4    18| 


6-73 
2-68 


4-93 


Farm -YARD    Manure,    Superphosphate,    and   Nitrate   of   Soda,    6    Years; 
Farm-yard  Manure  alone,  6  Years.    (Plot  4.)  (•) 


S6  years,  1876-1881 
6  years,  1882-1887 
12  yearg,  1876-1887 


6    17i 
3    13 

0      6} 
0      5| 

0    174 
0      1} 

7      2i 
4      Oi 

4    16J 

0      6& 

0      9f 

5  Hi 

12-56 
2-21 


8-82 


Summary.    Average  12  Years,  1876-1887. 


Unmanured         

Farm -yard  Manure,  6  years  ; 

Unmanured,  6  years     . . 

Farm -yard  Manure  and  Su- 
perphosphate, 7  years ; 
Farm-yard  Manure  alone, 
5  years 

Farm-yard  Manure,  Super- 
phosphate, and  Nitrate 
Soda,  6  years ;  Farm  -yard 
Manure  alone,  6  years  (*) 


1    13i 

0      5 

0     H 

1     19f 

3    12i 

0      6i 

■ 

0      3f 

4      2f 

4      U 

0      6| 

0      4i 

4    18| 

4    16| 

0      6J 

0      9f 

6    Hi 

3-16 
4-56 

4-93 
8'82 


(*)  The  Superphosphate,  but  not  the  Nitrate,  was  applied  in  the  seventh  year,  1882. 

B 
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The  next  point  to  consider  is  the  effects  of  the  residue  of  the 
previously  applied  manures,  as  shown  in  the  second  line  of  each 
division  of  the  Table. 

The  second  division  shows  that,  after  the  application  of  farm-yard 
manure,  containing  about  200  lbs.  of  nitrogen  per  acre,  for  six  years  in 
succession,  there  was,  over  the  next  six  years  without  manure,  a  falling 
off  in  the  annual  average  produce  of  tubers  from  nearly  5^  to  little 
over  3  tons ; — that  is,  to  less  than  the  average  produce  obtained  by 
artificial  mineral  manures  without  any  nitrogen.  There  is  here 
striking  evidence  of  the  very  slow  action  of  the  large  residue,  mineral 
as  well  as  nitrogenous,  of  the  farm-yard  manure. 

The  third  division  shows  that  with  the  cessation  of  the  addition  of 
superphosphate  to  the  farm-yard  manure,  the  crop  was  reduced  from 
5  tons  12  cwts.  to  4  tons  5  cwts.  It  is  true  that  the  later  seasons  were 
less  favourable  for  luxuriance.  Still,  the  evidence  points  to  the  con- 
clusion that  the  residue  of  the  superphosphate  had  comparatively  little 
effect ;  and  that,  in  fact,  it  remained  within  the  soil  in  a  condition  only 
slowly  available. 

Lastly,  the  fourth  division  shows  that  with  the  cessation  of  the 
application  of  the  nitrate  of  soda,  the  average  produce  was  reduced 
from  7  tons  2  cwts.  to  only  4  tons,  or  by  more  than  3  tons  per  acre  per 
annum.  Allowing  for  the  difference  in  the  character  of  the  seasons, 
there  would  still  appear  to  have  been  practically  no  immediately 
available  residue  of  the  nitrogen  of  the  nitrate  left  within  the  root- 
ran^  of  the  crop. 

The  fact  that,  over  the  last  six  years,  farm-yard  manure,  together 
with  the  residue  of  previously  applied  farm-yard  manure,  superphosphate, 
and  nitrate  of  soda,  only  yielded  an  average  of  about  4  tons  of  tubers ; 
and  that  farm-yard  manure  and  the  residue  of  farm-yard  manure  and 
superphosphate,  only  gave  about  4^  tons,  whilst  farm-yard  manure 
alone  gave  over  the  first  six  years  5i  tons,  is  clear  indication  that  the 
later  seasons  were  somewhat  less  favourable  for  luxuriance  with  such 
manures. 

As  in  the  case  of  the  artificial  manures,  so  now  with  the  farm-yard 
manure  series,  the  last  column  of  the  Table  shows  a  very  much  larger 
proportion  of  diseased  tubers  over  the  earlier  than  over  the  later  years ; 
and,  consistently  with  the  results  with  the  artificial  manures,  there  is  the 
largest  proportion  where  there  was  the  largest  supply  of  nitrogen  ;  that 
is  where  nitrate  of  soda  was  added  to  the  farm-yard  manure.  In 
comparing  period  with  period,  however,  it  must  not  be  forgotten  that 
the  "  Rock  "  was  grown  in  the  first  four  years,  and  the  "  Champion  " 
afterwards. 

The  summary  given  at  the  foot  of  the  Table  shows  the  average 
results  for  each  of  the  farm-yard  manure  plots,  over  the  whole  period 
of  twelve  years.  The  results  have,  of  course,  to  be  read  with  due 
reference  to  the  changes  in  the  manuring  over  the  later  years,  and 
hence  are  not  very  direct  in  their  indications. 

It  is  somewhat  remarkable  that  on  neither  plot  with  farm-yard 
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manure,  not  even  where  it  was  applied  each  year  of  the  twelve,  was 
there  so  much  produce  as  on  the  artificially  manured  plots  receiving 
both  mineral  and  nitrogenous  manures.  Indeed,  not  even  where  nitrate 
of  soda  was  applied  in  addition  to  the  farm-yard  manure  during  the 
first  six  years,  did  the  average  produce  of  the  twelve  years  amount  to 
six  tons  of  tubers. 

The  last  column  of  the  summary  shows,  as  before,  that  the 
proportion  of  diseased  tubers  was  the  greater,  the  greater  the  amount 
of  nitrogen  supplied,  and  the  greater  the  luxuriance. 

Upon  the  whole  it  is  obvious  that,  in  the  case  of  this  somewhat 
agriculturally  exhausted  arable  land,  mineral  manures  alone  had  more 
effect  than  nitrogenous  manures  alone ;  but  that,  mineral  constituents 
being  adequately  supplied,  the  further  addition  of  nitrogenous  manures 
was  essential  to  obtain  anything  like  full  crops. 

CONSTITUENTS  IN  THE  CROPS  PER  ACRE -PER  ANNUM. 

1. — Artificial  Manure  Series, 

It  will  be  of  interest  next  to  consider,  what  is  the  increased  amount 
of  some  of  the  more  important  constituents  of  the  tubers  stored  up  in 
the  crop,  under  the  influence  of  the  different  manures ;  and  especially 
what  is  the  increased  amount  of  them  stored  up,  for  a  given  quantity 
of  nitrogen  supplied  in  manure.  Eesults  of  the  analyses  of  the  various 
crops,  to  which  I  shall  call  special  attention  when  considering  the 
percentage  composition  of  the  tubers,  supply  the  data  for  estimates  on 
these  points. 

Table  III.  (p.  10),  gives  the  results  for  the  artificially  manured  series. 

The  upper  division  of  the  Table  shows  the  amounts,  in  lbs.,  of 
total  dry  or  solid  matter,  of  nitrogen,  of  total  mineral  matter  (or 
ash),  of  potash,  of  phosphoric  acid,  of  sulphuric  acid,  and  of  chlorine, 
in  the  average  produce,  per  acre,  per  annum,  over  the  twelve 
years,  without  manure,  and  with  each  of  the  six  different  artificial 
manures.  These  are  the  total  quantities  in  the  crops  per  acre ;  but  the 
amount  of  seed  Potatoes  planted  would,  on  the  average,  supply  to  the 
soil  perhaps  as  much  as  one-third  or  more  of  the  various  constituents  as 
were  removed  in  the  unmanured  produce ;  and,  of  course,  the  same 
actual  amounts^  but  a  much  less  proportion  of  the  whole  in  the  produce, 
would  be  supplied  in  the  case  of  the  manured  crops.  It  seems  desirable, 
however,  that  the  Table  should  give  the  actual  amounts  in  the  crops, 
rather  than  any  mere  estimates  founded  on  uncertain  data ;  especially 
as  the  figures  in  the  remaining  divisions  of  the  Table,  which  relate  to 
the  increase  of  constituents  in  the  crops  under  the  influence  of  the 
different  manures,  would  not  be  affected  by  any  correction  for  the 
amounts  supplied  in  the  seed. 

In  the  second  division  are  given  the  increased  amounts  of  each  of 
the  same  constituents  per  acre  in  the  average  produce  of  each  of  the 
manured  plots,  over  the  amount  in  the  unmanured  produce. 

The  third  division  shows  the  amounts  of  the  several  constituents  in 
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the  increase  of  produce  over  that  without  manure,  for  100  of  nitrogen 
supplied  in  manure. 

In  the  fourth  division  are  shown  the  actual  amounts  of  increase  of 
the  constituents  per  acre  by  the  nitrogenous  and  mineral  manure 
together,  over  those  by  the  mineral  manure  alone ;  and  the  fifth  and 
last  division  shows  these  increased  amounts  over  those  by  the  mineral 
manure  alone,  calculated  for  100  of  nitrogen  supplied  in  manure. 


TABLE  III. 

EXPERIMENTS  ON  POTATOES. 

Orown  year  a/Ur  pear  on  the  same  land,  ffoosjkld,  Sothamated. 

Coivtitaeiits  per  acre  per  umom  in  Total  TnberB.    Average  of  12  years,  1876-1887. 


Dry 

[alter. 


Mail 


Nitrogen. 


Mineral 
Matter 
(ABh). 


Potash. 


Phos- 
phoric 
Acid. 


Sul- 
phuric 
Acid. 


Chlorine. 


CONSTITUBNTB  PEA  AC&E  PSB  AnNUM. 


lbs. 

Ibfl. 

Ibe. 

lbs. 

lbs. 

lbs. 

lbs. 

Unmannred 

1250 

14-9 

37-4 

20-8 

5-51 

3-25 

1-99 

Snperphosphate. . 
Mixed  Mineral  Manoie 

2203 

20-6 

87-9 

50-8 

11*28 

4-97 

413 

2235 

19-9 

93-6 

63-9 

11-91 

5-75 

4-44 

Ammoniam  Salts 

1343 

19-7 

39-5 

21-6 

4-74 

3-23 

3-70 

Nitrate  of  Soda. . 

1558 

230 

441 

231 

5-59 

315 

1-83 

Ammonium  Salts  and ) 

3857 

48-1 

153-7 

88-3 

16-80 

8-30 

Mixed  Mineral  Manure  j 

11-02 

Nitrate  of  Soda  apd) 
Mixed  Mineral  Manure  j 

3844 

50-8 

149-0 

85-2 

17-51 

8-61 

4-16 

Inc&base  of  Constituents  per  Acre  pee  Annum  oybe  Unman u&bd. 


Superphosphate.. 
Mixed  Mineral  Manure 
Ammonium  Salts 
Nitrate  of  Soda.. 
Ammonium  Salts  and 
Mixed  Mineral  Manure 
Nitrate  of   Soda  and 
Mixed  Mineral  Manure 


953 

985 

93 

308 

2607 
2594 


5-6 
50 

4-8 
8-1 

33-2 
35-9 


50-5 

56-2 

2-1 

6-7 

116-3 
111-6 


30-0 

331 

0-8 

2-3 

67-5 
64-4 


5-77 

6-40 

-0-77 

008 

11-29 
12-00 


1-72 

2-50 

-0-02 

-010 

5-05 
5-36 


2-14 

2*45 

1-71 

-016 

903 
217 


INCEBABB  OP  CONSTITUENTS  FOR  100  NiTROOBN  IN  MANURE  OVER  UnMANURBD. 


Ammonium  Salts 
Nitrate  of  Soda.. 
Ammonium  Salts  and ) 
Mixed  Mineral  Manure  t 
Nitrate  of   Soda  and) 
Mixed  Mineral  Manure  / 


108 
358 

3031 
3016 


5-6 
9-4 

38-6 
41-7 


2-4 

7-8 

135-2 
129-8 


0-9 
2-7 

78-5 
74-9 


-0-90 
0-09 

13-13 
13-95 


-0-02 
-0-12 

5-87 
6-23 


1-99 
-0-19 

10-50 
2-52 


Increase  op  Constituents  per  Acre  per  Annum  over  Mixed  Mineral  Manurb. 


Ammonium  Salts  and 
Mixed  Mineral  Manure 
Nitrate  of  Soda  and 
Mixed  Mineral  Manure 


1622 
1609 


28-2 
30*9 


60-1 
55-4 


34-4 
31-3 


4-89 
5-60 


2*55 
2-86 


6-58 
-0-28 


Increase  op  Constituents  for  100  Nitrogen  in  Manure  over  Mixed  Mineral 

Manure. 


Ammonium  Salts  and 
Mixed  Mineral  Manure 
Nitrate  of  Soda  and 
Mixed  Mineral  Manure 


1886 
1871 


32-8 
35-9 


69-9 
64-4 


40-0 
36-4 


5-69 
6*51 


2-97 
3-33 


7-66 
-0-33 
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Beferring  to  the  first  diyision,  it  is  seen  that  whilst  without  manure 
there  is  an  average  of  only  1250  lbs.,  or  little  more  than  11  cwts.  of 
total  dry  or  solid  matter,  produced  per  acre,  there  is  not  much  more 
(1343  lbs.)  with  purely  nitrogenous  manure  as  ammonium  salts,  and 
scarcely  one-fourth  more  (1558  lbs.)  with  the  same  amount  of  nitrogen 
as  nitrate  of  soda.  There  is,  on  the  other  hand,  with  the  purely 
mineral  manures,  nearly  20  cwts.  (2203  and  2235  lbs.),  and  with  the 
nitrogenous  and  mineral  manures  together  an  average  of  about  34| 
cwts.  (3857  and  3844  lbs.)  of  solid  matter  produced  per  acre  per 
annum. 

The  average  amount  of  nitrogen  annually  stored  up  in  the  tubers 
grown  without  manure  was,  notwithstanding  the  amount  supplied  in 
the  seed,  only  14*9  lbs. ;  or  less  than  would  be  yielded  in  wheat  or 
barley  under  similar  circumstances.  By  mineral  manures  alone  the 
amount  was  raised  to  about  20  lbs.,  or  to  nearly  as  much  as  in 
wheat  or  barley  under  the  same  conditions.  On  the  other  hand,  the 
direct  application  of  86  lbs.  of  nitrogen,  per  acre  per  annum,  when  as 
ammonium  salts  alone,  only  raised  the  amount  taken  up  to  19*7  lbs., 
and  when  as  nitrate  of  soda  alone,  to  only  23*0  lbs.  The  incapacity  of 
the  plant  to  avail  itself  of  the  supplied  nitrogen  in  the  absence  of  a 
sufficient  available  supply  of  mineral  constituents,  is  here  very  strikingly 
illustrated.  With  the  same  applications  of  nitrogen,  but  in  conjunction 
with  the  mixed  mineral  manure,  the  amount  of  nitrogen  stored  up  in 
the  tubers  is  raised  from  about  20  to  about  50  lbs. ; — 48*1  Iba  with  the 
ammonium  salts,  and  50*8  lbs.  with  the  nitrate  of  soda. 

The  remaining  columns  of  the  upper  division  of  the  Table  show 
that  very  little  more  of  either  the  total,  or  the  individual,  mineral 
constituents,  was  taken  up  under  the  influence  of  the  purely  nitrogenous 
manures,  than  without  manure.  With  the  minerad  manures  alone, 
however,  there  was  more  than  twice  as  much,  both  of  total  mineral 
constituents,  and  of  the  more  important  individual  ones,  taken  up ;  and 
there  was  three  or  four  times  as  much  taken  up  when  the  nitrogenous 
and  the  mineral  manures  were  used  together.  The  figures  relating  to 
potash  and  phosphoric  acid  afford  striking  illustrations  on  these  pomts. 

The  influence  of  the  manures  on  the  amounts  of  constituents  taken 
up  by  the  crop  is,  however,  brought  out  more  clearly  still  in  the  second 
division  of  the  Table,  which  shows  the  amounts  of  each  constituent 
stored  up  more  than  without  manure. 

It  is  seen  that,  whilst  the  purely  nitrogenous  manures  have  but  little 
increased  the  production  of  solid  matter,  the  mineral  manures  alone 
have  increased  it  by  nearly  1000  lbs.  (953  and  985  lbs.)  per  acre,  and 
the  nitrogenous  and  mineral  manures  together  have  increased  it  by 
about  2600  lbs.  (2607  and  2594  lbs.),  or  by  more  than  23  cwts.  per  acra 

It  is  remarkable  that  the  purely  nitrogenous  manures,  supplying 
86  lbs.  of  nitrogen,  have  scarcely  increased  the  assimilation  of  nitrogen 
more  than  the  purely  mineral  manures ;  whilst  the  application  of  the 
two  together  has  increased  it  very  much — by  33*2  and  35*9  lbs.  These 
latter  amounts,  when  calculated  for  100  nitrogen  supplied  in  manure,  as 
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Bhown  in  the  third  division  of  the  Table,  represent  a  recovery  in  the 
increase  of  the  crop  of  38*6  and  41*7  per  cent,  of  the  nitrogen  supplied 
in  the  manure.  But  when  the  increased  assimilation  of  nitrogen  is 
calculated,  not  over  the  amount  in  the  unmanured  produce,  but  over 
that  in  the  produce  by  the  mixed  mineral  manure  alone,  it  represents, 
as  shown  in  the  bottom  division,  only  32*8  and  35 '9  per  cent  recovered. 

These  amounts  of  nitrogen  recovered  in  the  increased  produce  of 
Potatoes,  for  100  supplied  in  manure,  are  less  than  were  so  recovered 
in  Mangel  Wurzel  receiving  similar  manures.  Thus  the  amount  of 
nitrogen  recovered  for  100  supplied  (with  mineral  manures)  when  as 
ammonium  salts,  was  with  Mangel  Wurzel  42*3,  against  only  32  8  with 
Potatoes;  and  when  the  supply  was  as  nitrate  of  soda,  59*9  per  cent, 
of  the  nitrogen  was  recovered  as  increase  in  the  Mangel  Wurzel,  against 
only  35*9  per  cent,  with  the  Potatoes.  The  proportion  recovered  in 
Potatoes  is,  however,  approximately  the  same  as  in  the  case  of  Wheat, 
but  less  than  that  in  the  case  of  the  spring  sown  Barley. 

Referring  in  less  detail  to  the  amounts  of  other  constituents  taken 
up  under  the  influence  of  the  different  manures,  it  is  seen  that  by  far 
the  most  prominent  increase  is  in  the  potash,  and  second  in  order  comes 
phosphoric  acid.  It  is  remarkable  that,  by  the  use  of  superphosphate 
of  lime  alone,  30  Iba  more  potash  are  taken  up  per  acre  than  without 
manure,  and  that  only  3  lbs.  more  are  taken  up  under  the  influence  of 
the  mixed  mineral  manure  alone,  which,  besides  superphosphate,  supplied 
annually  nearly  150  lbs.  of  potash.  It  is  well  known  that  one  special 
effect  of  superphosphate  of  lime  applied  to  spring  sown  crops,  is  greatly 
to  increase  the  development  of  feeding-root  within  the  surface  soil ; 
and  here  it  would  seem  that  under  its  influence,  probably  on  both  soil 
and  plant,  the  Potato  has  been  enabled  to  obtain  a  large  amount  of 
potash  from  the  stores  of  the  surface  soil. 

The  purely  nitrogenous  manures,  on  the  other  hand,  have  not 
enabled  the  plant  to  take  up  an  appreciably  increased  amount  of  potash. 

It  is,  however,  where  the  mineral  and  nitrogenous  manures  were 
applied  together,  that  the  greatest  amount  of  potash  is  taken  up. 
Indeed,  under  the  influence  of  this  combination,  nearly  one-half  of  the 
150  lbs.  of  potash  annually  supplied  is  recovered  in  the  increased 
produce,  67*5  lbs.  in  one  case,  and  64*4  lbs.  in  the  other. 

But  little  is  definitely  known  of  the  special  function  of  individual 
mineral  constituents  in  vegetation.  It  is,  however,  pretty  clearly 
established  that  the  presence  of  potash  is  essential  for  the  formation  of 
the  chief  non-nitrogenous  matters — starch  and  sugar.  The  published 
results  of  experiments  at  Rothamsted  have  shown  that  the  proportion 
of  potash  in  the  ash  of  wheat  was  the  greater,  the  better  matured  the 
gram — that  is  the  larger  the  proportion  of  starch  it  contained ;  and  here  in 
the  potato  we  find  a  greatly  increased  amount  of  potash  in  the  heaviest 
crops,  that  is  to  say  in  those  in  which  the  largest  amounts  of  starch 
have  been  formed. 

The  accumulation  of  phosphoric  acid,  on  the  other  hand,  is  more 
directly  connected  with  the  assimilation  of  nitrogen,  and  the  formation 
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of  the  nitrogenous  componnds.  The  amounts  of  phosphoric  acid  are 
seen  to  be  much  less  than  those  of  potash ;  but  the  differences  in  the 
amounts  bear  an  obvious,  though  not  a  numerically  direct,  relation,  to 
the  differences  in  the  amounts  of  nitrogen  in  the  crops. 

Sulphuric  acid  is  also  essential,  as  a  supply  of  sulphur,  to  the 
formation  of  certain  nitrogenous  constituents  of  the  plant.  It  is  seen 
that  the  quantities  are  considerably  less  than  those  of  phosphoric 
acid,  and  that  the  variations  have  some,  but  not  a  numerically  direct 
connection  with  the  amounts  of  nitrogen  in  the  crops.  It  is  to  be 
borne  in  mind,  however,  that  the  methods  of  preparing  ashes  for 
analysis,  do  not  in  all  cases  secure  the  retention  in  them,  as  sulphuric 
acid,  of  the  whole  of  the  sulphur  in  the  substance  incinerated.  On  the 
other  hand,  the  ashes,  especially  of  other  than  such  fixed  products  as 
ripened  seeds,  generally  contain  sulphuric  acid  existing  as  such  in  the 
crude  product. 

The  amounts  of  the  chlorine  taken  up  by  the  plant  are  very 
variable,  and  have  relation  chiefly  to  the  supplies  by  manure,  and 
probably  none  to  the  formation  of  any  organic  compounds. 

2. — Farm-yard  Manure  Series. 

Let  us  now  turn  to  the  consideration  of  similar  particulars  relating 
to  the  farm-yard  manure  series  of  plots — that  is  to  what  may  be  called 
the  chemical  statistics  of  the  crops. 

Table  IV.  (p.  14)  gives  the  results  for  the  first  and  second  periods 
of  six  years  each,  separately ;  also  the  difference  between  the  two,  or 
the  results  for  the  twelve  years,  as  the  case  may  be. 

It  is  seen  that,  without  manure,  there  is  less  of  every  constituent 
stored  up  in  the  crop  over  the  second  than  over  the  first  period  of  six 
years.  This  reduction  of  course  represents  exhaustion,  as  well  as  any 
influence  of  the  seasons.  In  the  case  of  each  of  the  manured  plots, 
the  whole,  or  some  item,  of  the  manure,  was  omitted  over  the  second 
period,  so  that  some  reduction  in  the  yield  would  be  anticipated ;  and 
it  is  seen  that  there  was,  under  each  condition  of  manuring,  a  reduction, 
and  generally  a  very  great  reduction,  in  the  amount  stored  up  of  every 
constituent,  with  the  exception  of  the  nitrogen  in  one  case,  as 
indicated  by  the  +  sign. 

The  upper  division  of  the  Table  shows  the  actual  quantities  of  the 
several  constituents  stored  up  per  acre;  but  the  significance  of  the 
facts  wUl  be  better  appreciated  by  an  examination  of  the  increased 
amounts  over  those  without  manure,  as  given  in  the  second  division  of 
the  Table. 

It  will  be  remembered  that  the  quantity  of  farm-yard  manure 
annually  applied  per  acre  was  estimated  to  contain  about  200  lbs.  of 
nitrogen,  besides  a  very  large  amount  of  mineral  constituents.  Yet,  in 
no  case  was  the  increased  yield  of  solid  substance  in  the  crop  so  great 
as  was  obtained  by  an  artificial  mixture  of  mineral  and  nitrogenous 
manure,  supplying  only  86  lbs.  of  nitrogen,  but  in  a  more  readily 
available  condition.     Nor  was  the  increased  assimilation  of  any  one  of 
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TABLE  IV. 

EXPEBIHENTS  ON  POTATOES. 

Groum  j/ear  after  jfear  on  the  same  land,  Hootfield,  BotMamtted, 

Constitiieiits  per  acre  per  annum  in  Total  Tubers.  18  years,  1876-1887. 


USex. 


Mai 


Nit- 
rogcn. 


Hinend 
Matter 

(Aah). 


Potaah. 


pboric 
Aad. 


Sul- 

phuric 

Add. 


Glilf>- 


GoxsTiTUKirrs  pkb  Acbb 

PB9  AxsruM. 

1 

6  yrs.,  1876-81 
6  yrs.,  1882-87 

Differenee... 

6  yrs.,  1876-81 
6  yrs.,  1882-87 

Difference... 

6  yrs.,  1876-81 
6yrB.,lHH2-87 

Difference... 

6  yn.,  1876-61 

6  yn.,  18(fifr-87 

Difference... 

Ibe. 
1413 
1079 

lbs. 
16*4 
18*9 

lbs. 
46-4 
80-4 

Ibe. 
85-2 
16-8 

Ibe. 
6-68 
4-47 

Ibe. 
8-95 
2-64 

Ibe. 
8-48 
1-68 

Eumyaxd  Mamne  ... 
Unmaanred 

834 

8082 
1944 

1-6 

88-8 
24-3 

16-0 

117-1 
68-8 

8*4 

67-8 
83-8 

8-21 

14*88 
7*46 

I'Sl 

6-77 
8-40 

0-80 

8-88 
4-Sl 

Plsnnjard   Manure 
and  Simerahosphate 

Taxmjmm  Msiuire 
alone           

1078 

8188 
2518 

8-9 

89-0 
88-6 

68-8 

180-0 
91-6 

88*4 

74-7 
68*6 

7*87 

16*61 
10*98 

8-87 

7*61 
6-86 

4-17 

10-87 
7-88 

Axmyaid  Mamne, 
Sopoplioipliate,  and 

Fkruijnsnl   Manure 
alone           

676 

8B8B 
2827 

+  4-6 

48-7 
83-4 

88*4 

148-1 
84-6 

82-1 

88-7 
47-7 

4*69 

17*96 
10-84 

8-86 

9*00 

6*14 

8-04 

6-98 
8-96 

1669 

16-3 

68-6 

86-0 

7*n 

8*86 

8-97 

LrcBBASB  or  Coxbtitubvts  pbb  Acbb  pbb  Axkvu.  ovbb  Unhakubbd. 


Eumyaxd  Manure  ...    6  yrs.,  1876-81 

1609 
865 

12-8 
10-4 

71-7 
88-4 

42-0 
17-0 

8-14 
8-98 

8-82 
0*76 

6-96 
8*69 

Difference... 

744 

1776 
1488 

8*4 

13*6 
19-7 

43-3 

84*6 
61-8 

25-0 

49-6 
36-8 

6*16 

8*88 
6-46 

8*06 

8*66 
8-78 

8-87 

7-86 
6-61 

Difference... 

Fumyaxd   Manure,   ) 
8uperpboq>hate,and    6  yrs.,  1876-81 

842 

2473 
1248 

+  6*1 

83*3 
19*6 

23*4 

102*7 
641 

13-7 

68-6 
80-9 

8*88 

11-27 
6-77 

0-94 

6-06 
8*60 

8-84 

4*50 
8-83 

Difference... 

1225 

13*8 

48-6 

27-6 

6-60    1     2*66 

8-17 

IXCBBASB  or  COHSTITUBirTS  rOB  100  NiTBOOBK  IK  MaMUBB  ovbb  IJyMAKUBBD. 


Farmyard  Manure  ...    6  yrs.,  1876-81 

806 
432 

6-4 
5-2 

36*9 
14*2 

21-0 
8-6 

407 
1*49 

1*41 
0-88 

8*96 
1*80 

12  years... 

Eumyard  Manure  l-,^  itgrtLJtt 
and  Superphosphate }  *  7^'  ^^^^ 

Fkrmyara  Manure,  )  ^  «••  imo-QT 
andBeaidue j  6  yrs.,  1882-87 

1237 

8RR 
717 

11*6 

6-8 
9-9 

60-1 

42*8 
80*6 

2»*6 

84*8 
17*9 

5-66 

4-48 
8*28 

1-79 

1-83 
1*86 

4-88 

8*98 
8-81 

12  years... 

802 

8*8 

38-6 

21*3 

8*82 

1*60 

8-87 

IXCBBASB  or  COKBTITUBXTS   rOB   100  NlTROOBN  Afl  NiTRATB,  OVBB  FaBXTABD  MaVUBB  AXD 

SrPKBPHOePHATB. 


Farmyard  Manure,     ) 
8n|ierphoepbate,aaa  1 6  yra.,  1876^ 


818 


88-9 


81-0 


10-6 


8*84 


1-08 


-8*90 
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the  individual  constituents,  so  great  under  the  influence  of  the  farm- 
yard manure,  as  when  these  were  applied  in  the  rapidly  available 
condition  as  in  the  artificial  mixtures. 

It  has  been  seen  that,  with  the  artificial  manures,  there  was,  of  the 
nitrogen  supplied,  about  40  per  cent,  recovered  in  the  increased  crop 
(38*6  and  41*7)  reckoned  over  the  produce  without  manure,  and  about 
34*5  per  cent.  (32*8  and  35*9)  reckoned  over  the  produce  by  purely 
mineral  manures.  But  here,  when  the  supply  was  in  farm-yard 
manure,  there  was,  as  the  third  division  of  the  Table  shows,  in  one 
case  only  6-4,  and  in  another  only  6*8  per  cent,  of  the  nitrogen  so 
supplied,  recovered  in  the  immediate  increase  over  the  six  years  of  the 
application ;  and,  notwithstanding  the  great  accumulation  that  would 
take  place,  there  waa  only  8*3  per  cent,  recovered  in  the  increase  when 
the  application  was  continued  for  12  consecutive  years. 

It  is  further  seen  that  after  farm-yard  manure  had  been  applied 
for  six  years  in  succession,  and  it  had  yielded  up  to  the  crop  only  6*4 
per  cent,  of  its  nitrogen,  over  the  next  six  years  without  manure,  the 
large  unrecovered  residue  only  yielded  5*2  per  cent,  more ;  that  is, 
only  11*6  per  cent,  in  all,  over  the  twelve  years. 

In  the  case  of  other  crops  it  has  been  found  that  only  a  small 
proportion  of  the  nitrogen  of  farm-yard  manure  was  taken  up  in  the 
year  of  the  application.  But  these  results  seem  to  indicate  that  the 
Potato  is  able  to  avail  itself  of  a  less  propoii^ion  of  the  nitrogen  of  the 
manure  than  any  other  farm  crop.  Yet,  in  ordinal  y  practice,  farm-yard 
manure  is  not  only  largely  relied  upon  for  Potatoes,  but  is  often  applied 
in  larger  quantity  for  them  than  for  any  other  crop.  It  is  probable 
that,  independently  of  its  liberal  supply  of  all  necessary  constituents, 
its  beneficial  effects  are  in  a  considerable  degree  due  to  its  influence 
on  the  mechanical  condition  of  the  soil,  rendering  it  more  porous  and 
easily  permeable  to  the  surface  roots,  upon  the  development  of  which 
the  success  of  the  crop  so  much  depends.  Then,  again,  something  may 
be  due  to  an  increased  temperature  of  the  surface  soil  engendered  by 
the  decomposition  of  so  large  an  amount  of  organic  matter  within  it ; 
whilst  the  carbonic  acid  evolved  in  the  decomposition  will,  with  the  aid 
of  moisture,  serve  to  render  the  mineral  resources  of  the  soil  more 
soluble. 

The  Potato  is,  indeed,  largely  a  kitchen  and  market  ^rden  crop,  as 
well  as  a  farm  crop;  and  for  the  production  of  garden  vegetables 
generally  very  large  quantities  of  farm  or  stable  manure  are  applied, 
beyond  what  is  required  as  a  mere  supply  of  constituents  to  the  crops — 
the  process  being  to  a  great  extent  one  of  forcing,  as  above  referred  to  ; 
and  a  necessary  result  is  a  great  accumulation  of  unexhausted  residue 
within  the  soil. 

It  will  be  of  interest  to  give  here  a  few  illustrations  of  the  manuring 
and  produce  of  potatoes,  in  some  localities  where  they  constitute  an 
important  item  of  production. 

I  will  first  refer  to  the  evidence  given  before  The  Select  Committee 
on  the  Potato  Crop.    The  practice  of  several  growers  in  Forfarshire  is 
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giyen.  According  to  the  varioas  statements,  the  crop  is  generally 
grown  in  six,  seven,  or  eight  year  rotation  ;  and  farm-yard,  or  stable 
manure,  is  largely  relied  upon  ;  but  it  is  frequently  supplemented  bj 
liberal  dressings  of  artificial  manures,  both  mineral  and  nitrogenous. 
The  quantity  of  dung  used  ranges  from  12  to  14,  ^nd  even  to  more 
than  20  tons  per  acre  ;  and  sometimes  as  much  as  10  cwts.  of  artificial 
manure  is  also  used,  consisting  chiefly  of  superphosphate  or  dissolved 
bones,  and  potash  salts,  or  kainit ;  and  six  tons  is  reckoned  a  fair  crop. 
In  East  Lothian  the  crop  is  also  grown  in  six,  seven,  or  eight  year 
rotation  ;  as  much  as  80  tons  of  dung  is  used  for  the  late  crop,  with  5 
to  10  cwts.  of  artificials,  consisting  of  guano  or  dissolved  bones,  and 
sometimes  potash  salts ;  and  the  crop  is  estimated  at  6  to  8  tons  per 
acre.  For  an  early  crop  as  much  as  40  tons  of  dung,  and  10  cwts.  of  a 
mixture  of  superphosphate,  guano,  and  dissolved  bones,  are  used,  and 
only  about  4  or  5  tons  of  produce  is  obtained.  It  was  stated  that,  in 
Dublin  County,  potatoes  are  grown  in  four  or  five  years  course,  with 
dung  and  artificials ;  the  latter  consisting  of  superphosphate,  potash 
salts,  and  salts  of  ammonia  or  nitrate  of  soda  ;  and  8  tons  is  considered 
a  good  crop.  In  Kent,  one  witness  reports  the  growth  of  the  crop 
once  in  five  years,  using  12  to  20  loads  of  farm-yard  manure,  with 
superphosphate,  kainit,  and  sulphate  of  ammonia  ;  and  getting  10  to  11 
tons  of  marketable  tubers,  and  2  tons  of  small.  In  another  case  in 
Kent  80  to  35  tons  of  dung  are  used. 

Mr.  T.  H.  Middleton,  of  Invergordon,  Boss-shire,  has  kindly 
furnished  me  with  further  particulars  as  to  the  manuring  and  produce 
of  potatoes  in  Scotland.  He  states  that  it  is  common  to  use  15  to  20 
tons  of  farm-yard  manure,  with  bone  meal  and  superphosphate  in 
addition.  Or,  sometimes,  Potatoes  are  grown  with  artificial  manure 
only ;  about  10  cwts.,  consisting  of  3  cwts.  superphosphate,  2  cwts. 
bone  meal,  8  cwts.  of  kainit,  and  2  cwts.  sulphate  of  ammonia  ;  and  an 
average  crop  is  about  6^  tons  of  Regents,  or  7^  tons  of  Magnum  Bonums. 
At  a  farm  in  Ayrshire,  the  practice  for  the  growth  of  an  early  crop  is 
to  use  20  to  30  tons  of  dung,  with  5  cwts.  of  kainit,  and  8  or  10  cwts. 
of  other  artificial  manures ;  consisting  of  good  guano,  or  phosphatic 
guano  with  sulphate  of  ammonia,  or  any  mixture  containing  8  to  10 
per  cent,  of  ammonia,  20  to  80  per  cent,  ot  phosphate,  and  3  to  5  per 
cent,  of  potash.  In  Forfarshire  the  crop  is  usually  grown  in  an  eight 
year  course ;  15  to  20  tons  of  farm-yard  manure  are  used,  with  artificial 
manures  in  addition  ;  6  or  7  tons  is  reckoned  an  average  crop,  10  tons 
a  very  good  one,  and  4  to  5  tons  a  bad  crop.  Sometimes,  however, 
Potatoes  are  grown  after  three  years  grass,  with  artificial  manures 
alone.  In  East  and  Mid  Lothian,  Potatoes  are  generally  grown  in  a  six 
year  course  ;  with  about  20  tons  of  farm-yard  manure,  and  artificial 
manures  in  addition.  The  description  of  the  latter  varies  considerably ; 
but  the  following  is  sometimes  used  : — 2  cwts.  ground  bones,  1  cwt. 
vitriolized  bones,  1^  cwt.  mineral  superphosphate,  1  cwt.  sulphate  of 
potash,  and  i  cwt.  sulphate  of  ammonia — in  all  6  cwts.  An  average 
crop  is  6  or  7  tons^  and  in  very  favourable  seasons  10  or  even  12  tons 
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are  obtained.  Sometimes,  however,  in  the  Lothians,  Potatoes  are 
grown  in  six  year  course,  ailer  two  years  grass,  And  with  artificial 
manure  only,  the  farm-yard  manure  being  reserved  for  the  Turnips. 

Such  are  typical  cases  of  the  manuring  and  produce  of  Potatoes 
when  grown  as  a  iarm  rotation  crop.  But  it  will  be  well  to  consider 
the  conditions  under  which  the  crop  is  grown  in  a  specially  suitable 
climate  for  the  early  market.  On  this  point  I  have  been  favoured  with 
a  very  interesting  account  of  Potato  growing  in  Jersey,  by  Mr.  F. 
Woodland  Toms,  the  Official  Analyst,  of  St.  Heliers.  The  rents  for 
suitable  land  are  very  high.  No  special  rotation  is  followed.  Potatoes 
are  grown  two  or  three  years,  then  com,  then  grass  for  a  few  years,  and 
then  Potatoes  again.  From  25  to  80  tons  of  farm-yard  manure,  or  sea- 
weed, are  applied  per  acre,  with  8  to  12  cwts.  of  artificial  manure, 
containing  about  8  per  cent,  of  ammonia,  and  20  per  cent,  of  soluble 
phosphate.  Including  rent,  the  total  expenditure  for  the  crop  is  often 
as  much  as  £45  per  acre,  and  sometimes  even  more;  but  almost  always 
a  second  crop  of  ^ome  kind  is  taken  the  same  year,  after  the  removal 
of  the  Potatoes.  The  earliest  crops,  which  command  very  high  prices, 
average  about  6  tons.  But  the  average  crop  of  the  year  ranges  from  8  to 
10  tons,  according  to  season,  with  an  average  price  of  about  £6  per  ton. 
The  price  fluctuates,  however,  considerably,  from  season  to  season,  and 
very  much  more  throughout  the  season.  Thus,  it  ranged,  in  1886,  from 
£10  per  ton  about  the  middle  of  June,  to  £8  lis.  6d.  in  the  middle  of 
August;  in  1887,  from  £22  10s.  at  the  end  of  May,  to  £6  lis.  at  the 
end  of  August;  and  in  1888,  irom  £20  12s.  6d.  at  the  beginning  of 
June,  to  about  £2  6s.  in  September  and  Ootober.(*) 

Lastly,  Mr.  0.  B.  Edwardes,  of  Peterborough,  informs  me  that  the 
market  gardeners  in  the  neighbourhood  of  Sandy,  St.  Neots,  and 
Biggleswade,  frequently  apply  from  80  to  60  tons  of  London  stable 
manure  per  acre,  for  Potatoes,  and  even  as  much  as  100  tons  have,  in 
some  cases,  been  used.  Frequently,  too,  besides  the  dung,  i  to  1  ton 
of  artificial  manure,  or  from  100  to  200  bushels  of  soot,  are  also  used 

It  will  be  seen  that  the  foregoing  statements  of  the  actual  practice 
in  (he  growth  of  Potatoes,  in  different  localities,  are  quite  consistent 
with  the  experimental  results  that  have  been  adduced,  in  showing  how 
large  is  the  amount  of  manure  required  in  proportion  to  the  amount  of 
produce  obtained. 

INFLUENCE  OF  SEASON  AND  MANURING  ON  THE  PERCENTAGE 

COMPOSniON  OF  THE  TUBERS. 

The  next  point  to  consider  is  the  percentage  composition  of  the 
Potato,  and  the  direction,  and  the  degree,  in  wnich  this  is  influenced 

(*)  Since  the  above  was  in  type,  my  attention  has  been  called  to  Mr.  W.  E. 
Bear's  article,  entitled,  Olimpaes  of  Farming  in  the  Channel  Islands,  in  the  last 
number  of  the  Journal  of  the  Royal  Agricultural  Society.  He  there  gives  a  very 
interesting  account  of  the  farming  in  Jersey,  and  especially  of  the  treatment  and 
produce  of  the  potato  crop,  and  to  this  I  would  refer  for  further  details  on  the 
subject. 
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TABLE  V. 
EXPERIMENTS  ON  POTATOES. 

Orovm  year  after  year  on  the  tame  land,  Hoo^field,  Bothanuted. 
Mean  peroentage  oomposition  of  the  Oood  Tabem;  12  yean,  1876-1887. 


Specific 

gravity 

of  the 

Taben. 


Per  cent,  in  Fresh  Tubers. 


Dry 
Matter. 


Mineral 
Matter 
(Ash). 


Nitrogen, 


Per  cent,  in  Dry 
Matter. 


IGneral 
Matter 
(Ash). 


Nitrogen. 


UNMANUB.BD.      (Plot  1.) 


4  yean,  1876-1879 
4  years,  1880-1883 
ATeragee  -(    4  years,  1884-1887 

12  years,  1876-1887 


1-107 
1-125 
1-122 


1-118 


Percent. 
26-8 
29-3 
28*2 


28-1 


Per  cent. 
0-92 
0-81 
0-79 


0-84 


Percent. 
0-260 
0-345 
0-397 


0-334 


Percent. 
3-48 
2-77 
2-82 


Per  cent* 
0-979 
1-176 
1-409 


3-02 


1-188 


SUPBRPHOSPHATB  OP  LiMB.      (Plot  9.) 


4  years,  1876-1879 
4  years,  1880-1883 
Averages  <    4  years,  1884-1887 

12  years,  1876-1887 


M02 
1-122 
1-121 

24-4 
28-2 
27-8 

M3 
1-06 
1-02 

0197 
0-226 
0-325 

4-64 
3-76 
3-67 

1-115 

26-8 

1-07 

0-249 

4-02 

0-805 
0*806 
1-165 

0*925 


MixBD  MiNBRAL  Manu&b.     (Plot  10.) 


4  years, 
4  years. 
Averages  *<    4  years. 


1876-1879 
1880-1883 
1884-1887 


12  years,  1876-1887 


1-102 
1-121 
1-118 


M14 


24-2 
28-0 
27-3 


26-5 


M5 
1-09 
1-09 


1-11 


0-189 
0-222 
0-297 


0*236 


4*74 
3*89 
4*00 


4-21 


0*782 
0*794 
1*090 


0*888 


Ammonium  Salts  —  86  lbs.  Nitroobn. 

(Plot  5. 

) 

(    4  years,  1876-1879 

J    4  years,  1880-1883 

Averages  <    4  years,  1884-1887 

1-099 
1-116 
1114 

23-4 
27-8 
27*3 

0-75 
0-80 
0-76 

0-298 
0-386 
0-468 

3-23 
2-89 
2*77 

1*280 
1*390 
1*717 

'  12  years,  1876-1887 

1-110 

26-2 

0-77 

0-384 

2-96 

1-462 

NiTRATB  OP  Soda  =  86  lbs.  Nitrogen. 

(Plot  6. 

) 

1 

Averages  < 

f  4  years,  1876-1879 
4  years,  1880-1883 
4  years,  1884-1887 

.  12  years,  1876-1887 

1-104 
1117 
1*115 

24*6 
27-9 
27-2 

0-74 
0-78 
0-73 

0-314 
0-399 
0-463 

3*03 
2-81 
2-70 

1*282 
1-431 
1*707 

1-112 

26-5 

0-75 

0-392 

2*84 

1-473 

Ammonium  Salts  =  86  lbs.  Nitrogbn,  and  Mixbd  Minbral  Manurb.    (Plot  7.) 


4  years,  1876-1879 

4  years,  1880-1883 

Averages  -<    4  years,  1884-1887 

12  years,  1876-1887 


1-096 
1-110 
1*107 


1104 


24-0 
26-6 
26-2 


25-6 


1-06 
0-99 
101 


1-02 


0-250 
0*305 
0-401 


0-319 


4-44 
3-72 
3-85 


4-00 


1*064 
1*149 
1*535 


1*246 


NiTRATB  OP  Soda  =  86  lbs.  Nitrogen,  and  Mixed  Mineral  Manure.    (Plot  8.) 


Averages 


li 


years,  1876-1879 
years,  1880-1883 
years,  1884  1887 


12  years,  1876-1887 


1-100 
1*115 
1*110 

24-4 
26-6 
26-3 

1-06 
0-97 
0-95 

0-265 
0-339 
0-419 

4-37 
3-70 
3-62 

1108 

25-8 

1*00 

0-341 

3*90 

1*096 
1*273 
1*602 

1*324 


Summary.    Average  12  Years,  1876-1887. 


Unmanured 

Superphosphate 

Mixed  Mineral  Manure    . . 
Ammonium  Salts  alone    . . 
Nitrate  Soda  alone 
Ammonium   Salts  and  Mixed ) 

Mineral  Manure        . .         I 
Nitrate  Soda  and  Mixed  Mineral ) 

Manure f 


1*118 
1-115 
1-114 
1-110 
1*112 

28-1 
26-8 
26-5 
26-2 
26-6 

0-84 
1-07 
1-11 
0-77 
0-75 

0-334 
0-249 
0-236 
0-384 
0-392 

3-02 
4-02 
4-21 
2-96 
2-84 

1*104 

25-6 

1*02 

0*319 

400 

1*108 

26-8 

100 

0*341 

3*90 

1*188 
0*925 
0*888 
1*462 
1*473 

1-246 
1-324 
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by  season  and  manuring.  Table  Y.  (p.  1 8)  illustrates  these  points  for  the 
artificial  manure  series,  and  Table  YI.  (p.  21)  for  the  farm-yard  manure 
series.  For  each  separate  period,  and  for  the  total  periods  of  the 
experiments,  the  particulars  given  are — the  average  specific  gravity  of 
the  tubers ;  the  percentages  of  dry  or  solid  matter,  of  mineral  matter, 
and  of  nitrogen,  in  the  fresh  tubers,  also  the  percentages  of  mineral 
matter,  and  of  nitrogen,  in  the  dry  substance  of  the  tubers. 

1. — Art^hial  Manure  Series. 

Keferrins  to  the  Table  (Y.),  it  is  seen  that  not  only  without  manure, 
but  with  eacn  of  the  six  descriptions  of  artificial  manure,  the  tubers 
have  a  higher  specific  gravity  over  the  second  and  third,  than  over 
the  first  period  of  four  years.  It  will  be  remembered  that  during  the 
second  and  third  periods  the  Champion  was  grown  instead  of  the  Kock 
as  previously,  and  also  that  the  earlier  seasons  were  upon  the  whole 
much  wetter,  and  therefore  more  conducive  to  luxuriance  and  less  to 
maturation. 

In  countries  where  the  Potato  is  largely  grown  for  the  manufacture 
of  starch  or  potato  spirit,  the  specific  gravity  serves  as  an  important 
indication  of  quality.  The  higher  the  specific  gravity,  the  greater  as  a 
rule  is  the  proportion  of  dry  matter,  and  the  greater  the  proportion  of 
starch.  Indeed,  Tables  are  constructed  for  the  calculation  of  the 
percentage  of  dry  matter,  and  of  starch,  from  the  specific  gravity  of  the 
tubers. 

Consistently,  the  Table  shows  that,  with  the  higher  specific  gravity 
of  the  tubers  over  the  second  and  third  periods,  there  was,  in  every 
case,  a  considerably  higher  percentage  of  dry  or  solid  matter  over  those 
periods,  indicating  better  maturation. 

Another  point  usually  coincident  with  relatively  hii^h  maturity  of 
produce,  is  a  relatively  low  percentage  of  mineral,  or  ash-constituents  ; 
and  the  figures  show,  in  the  majority  of  cases,  a  lower  percentage  of 
mineral  matter  in  the  fresh  tubers,  and  in  every  case  a  considerably 
lower  percentage  in  the  dry  substance  of  the  tubers,  over  the  second 
and  third  periods,  than  over  the  first  period. 

A  low  percentage  of  mineral  matter  in  the  dry  substance  of  a  crop, 
especially  in  the  case  of  ripened  products  such  as  grain,  and  corn 
generally,  does  not  as  a  rule  indicate  a  defective  amount  of  mineral 
matter,  but  the  greater  formation  of  organic  substance  in  proportion  to 
the  mineral  matter  taken  up ;  by  which,  of  course,  the  percentage  of  the 
mineral  matter  in  the  dry  substance  is  reduced — in  otner  words,  there 
is  more  favourable  maturation. 

Thus,  then,  the  results  relating  to  specific  gravity,  and  to  the 
percentages  of  dry  substance,  and  of  mineral  matter,  are  perfectly 
consiptent  with  the  known  comparative  characters  of  the  produce  of 
the  different  periods. 

It  is  not  so,  at  first  sight,  so  far  as  the  nitrogen  is  concerned. 
There  is,  in  every  case,  a  considerably  higher  percentage  of  nitrogen  in 
the  fresh  tubers,  and  in  every  case  but  one  a  higher  percentage  in  the 
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dry  substance  of  the  tubers,  over  the  second  than  over  the  first  period, 
and  in  every  case,  both  in  the  fresh  and  in  the  dry  tubers,  a  higher 
percentage  still  over  the  third  period. 

Now  in  the  case  of  the  cereal  grains,  as  a  rule  the  better  they  are 
matured  the  lower  is  their  percentage  of  nitrogen ;  the  explanation 
being  that  maturation  means  the  greater  formation  of  the  non- 
nitrogenous  substance— starch — under  the  favourable  ripening  climatic 
conditions ;  and  thus  the  already  accumulated  nitrogen  shows  a  lower 
proportion  to  it,  that  is,  a  lower  percentage.  The  same  thing  happens, 
though  in  a  less  marked  degree,  even  in  the  case  of  the  maturation  of 
the  succulent  roots ;  the  more  there  is  of  sugar  accumulated,  the  lower 
is  the  percentage  of  nitrogen. 

It  will  be  seen  further  on  that,  in  the  case  of  the  potato,  more  than 
80  per  cent,  of  the  total  nitrogen  of  the  tuber  exists  in  the  juice,  that 
is  not  in  the  fixed  or  insoluble  portion.  It  is,  in  fact,  in  a  very  large 
proportion  still  formative  or  migratory  matter.  Hence,  too,  it  is  easy 
to  understand  how  it  is,  as  the  results  show  to  be  the  case,  that  the 
percentage  of  nitrogen  in  the  tubers  bears  a  very  direct  relation  to 
the  suppUes  available  to  the  plant  within  the  soil. 

Leading  the  figures  relating  to  the  separate  periods,  the  summary 
at  the  foot  of  the  Table  gives  the  average  results,  as  to  specific 
gravity  and  percentage  composition,  over  the  total  period  of  twelve 
years,  for  the  unmanured  plot,  and  for  each  of  the  artificially  manured 
plots,  and  in  these  the  influence  of  manure  on  the  composition  is  more 
directly  indicated. 

Comparing  the  first  and  second  columns  with  one  another,  it  is  seen 
at  a  glance  that  there  is,  with  high  specific  gravity,  high  percentage 
of  dry  matter ;  and  vies  versa.  The  produce  without  manure,  and 
with  purely  mineral  manure,  that  is  to  say  with  the  least  luxuriance, 
and  consequently  the  earliest  maturity,  there  is  the  highest  specific 
gravity,  and  the  highest  percentage  of  dry  substance  in  the  tubers. 
With  the  nitrogenous  manures  alone,  and  very  restricted  growth,  there 
is  lower  both  specific  gravity  and  percentage  of  dry  matter;  and, 
lastly,  with  both  nitrogenous  and  mineral  manures,  and  the  greatest 
luxuriance,  and  imperfect  maturity,  there  is  the  lowest  specific  gravity, 
and  the  lowest  percentage  of  dry  matter  in  the  tubers. 

Comparing  one  plot  with  another,  the  percentages  of  mineral 
matter  and  of  nitrogen,  whether  reckoned  on  the  fresh  tubers,  or  on 
the  dry  substance,  are  seen  to  have  no  direct  relation,  either  to  the 
specific  gravity,  or  to  the  percentages  of  dry  matter,  but  to  have  a  very 
direct  relation  to  the  supplies  by  manure ;  and  when  it  is  considered 
how  large  a  proportion  of  both  of  these  exists  in  the  juice,  or,  so  to 
speak,  in  a  still  formative  and  comparatively  unfixed  condition,  the 
fact  that  their  amount  in  the  tubers  bears  so  direct  a  relation  to  their 
supply  becomes  at  once  intelligible. 

Thus,  without  manure,  there  is  a  comparatively  low  percentage  of 
mineral  matter,  and  a  medium  percentage  of  nitrogen.  With  mineral 
manures  alone  there  is  the  highest  percentage  of  mineral  matter,  and 
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by  far  the  lowest  percentage  of  nitrogen.  With  purely  nitrogenous 
manures  there  is  the  lowest  percentage  of  mineral  matter,  and  the 
highest  percentage  of  nitrogen.  Lastly,  with  both  mineral  and 
nitrogenous  manures  together,  there  are  intermediate  percentages,  both 
of  mineral  matter  and  of  nitrogen,  in  the  tubers. 

2. — Farm-yard  Manure  Series, 

TABLE  VI. 

EXPERIMENTS  ON  POTATOES. 

Qrovm  yfur  after  year  on  the  same  land,  Hoosfield,  Roihamated. 

Mean  percentage  Composition  of  the  Oood  Tubers;   12  years,  1876-1887. 


Specie 

gravity 

of  the 

Tubers. 


Per  cent  in  Fresh  Tubers. 


Dry 
Matter. 


Mineral 
Matter 

(Ash). 


Nitrogen. 


Per  cent,  in  Dry 
Matter. 


Mineral 
Matter 
(Ash). 


Nitrogen. 


Unmanured,  12  Yeaks.     (Plot  1.) 


Averages 


6  years,  1876-1881  .. 
6  years,  1882-1887.. 

12  years,  1876-1887  . . 


M12 
1123 

Percent* 
27-74 
28-44 

Percent. 
0-89 
0-80 

Percent. 
0-302 
0-366 

Percent. 
3-23 
2-81 

1-118 

28-09 

0-84 

0-334 

3-02 

Per  cent. 
1-09 
1-29 


1-19 


Fakmyakd  Manure,  6  Years  ; 

Unmanured,  6  Years. 

(Plot  2.) 

/   6  years,  1876-1881.. 
Aveiagce      6  yeara,  1882-1887  . . 

1-106 
1124 

25-78 
28-45 

1-00 
0-86 

0-241 
0-355 

3-91 
8-03 

0-93 
1-25 

(l2  years,  1876-1887.. 

1-115 

2711 

0-93 

0-298 

3-47 

1-09 

Farmyard  Manure  and  Supbrpmosphate,  7  Years;  Farmyard  Manure  alone, 

5  Years.    (Plot  3.) 


(   6  years,  1876-1881 . . 
Averages      ^  y^*"'  1882-1887  . . 

1-103 
1-112 

25-50 
26-36 

1-04 
0-96 

0-232 
0-353 

4-08 
3-66 

0-91 
1-35 

( 12  years,  1876-1887  . . 

1-108 

25-94 

1-00 

0-292 

3-87 

1-13 

Farmyard  Manure,  Superphosphate,  and  Nitrate  op  Soda,  6  Years  ;  Farmyard 

Manure  alone,  6  Years.    (Plot  4.)  (♦) 


Averages 


6  years,  1876-1881  .. 
6  years,  1882-1887  . . 


(l2 


years,  1876-1887 . . 


1-098 
1-110 


1-104 


24*34 
25-89 


25-11 


0-93 
0-94 


0-93 


0-306 
0-372 


0-339 


3-83 
3-64 


3-73 


1-26 
1-44 


1-35 


Summary.    Average  12  Years,  1876-1887. 


Unmanured 

Farmyard  Manure,  6  years; 
Unmanured,  6  years  . . 

Farmyard  Manure  and  Super- 
phosphate, 7  years ;  Farm- 
yard Manure  alone,  5  years 

Farmyard  Manure,  Superphos- 
phate, and  Nitrate  Soda, 
6 years;  Farmyard  Manure 
alone,  6  years  (♦) 


1-118 

28-09 

0-84 

0-334 

3-02 

1-115 

2711 

0-93 

0-298 

3-47 

1-108 

25-94 

1-00 

0-292 

8-87 

1-104 

25-11 

0-93 

0-339 

3-73 

1-19 
1-09 

1-13 
1-35 


*  The  Superphosphate,  bat  not  the  Nitrate,  was  applied  in  the  seventh  year,  1882. 
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Eeferonce  may  be  made  more  briefly  to  the  specific  gravity,  and  to 
the  percentage  composition,  of  the  tubers  of  the  farm-yard  manure 
series,  as  recorded  in  Table  VI.  (p.  21). 

The  Table  shows  that  there  was  in  every  case  a  higher 
specific  gravity,  in  every  case  a  higher  percentage  of  dry  matter,  and 
in  every  case  a  lower  percentage  of  mineral  matter  in  the  dry  sub- 
stance, over  the  second  period  than  over  the  first.  All  three  conditions 
indicate,  therefore,  better  maturation  over  the  later  years. 

The  percentage  of  nitrogen  is,  on  the  other  hand,  in  every  case 
considerably  higher  over  the  second  period,  with,  it  will  be  remembered, 
lower  amounts  of  crop,  dependent  partly  on  lower  manuring,  and 
partly  on  the  conditions  of  season  being  on  the  average  more  favourable 
for  maturation  than  for  luxuriance.  That  the  high  percentage  of  nitrogen 
over  the  second  period  was  due  to  deficient  accumulation  of  starch,  as 
the  result  of  limitation  of  growth,  and  not  to  more  total  nitrogen  being 
taken  up,  is  obvious  from  the  fact  already  shown,  that  there  was,  in  two 
out  of  the  three  cases,  less  total  nitrogen  taken  up  per  acre  over  the 
second  period  than  over  the  first. 

Owing  to  the  difference  in  the  manuring  over  the  two  periods,  the 
average  results  for  the  twelve  years,  as  given  at  the  foot  of  the  Table, 
are  not  of  a  very  definite  character ;  but  they  consistently  show  higher 
percentages  of  both  mineral  matter  and  of  nitrogen,  with  relatively 
higher  amounts  supplied.  Especially  is  the  higher  percentage  of 
nitrogen  very  obvious  in  the  produce  of  the  plot  to  which  nitrate  of 
soda  was  applied  during  the  first  six  years. 

Upon  the  whole  the  results  which  have  been  given  have  consistently 
shown  higher  specific  gravity,  and  higher  percentages  of  dry  matter, 
the  better  matured  the  produce.  As  between  one  set  of  seasons  and 
another,  they  have  also  shown  lower  percentages  of  mineral  matter  in 
the  produce  of  those  of  the  best  maturing  conditions.  But  as  between 
one  condition  of  manuring  and  another,  the  percentages,  both  of 
mineral  matter  and  of  nitrogen,  have  been  shown  to  have  a  very  direct 
connection  with  the  relative  amounts  of  them  supplied  within  the  soiL 

It  was  stated  that  this  fact  was  no  doubt  connected  with  the  further 
fact,  that  a  very  large  proportion,  both  of  the  mineral  constituents  and 
of  the  nitrogen,  of  the  tuber,  exists  in  a  still  only  formative  condition 
in  the  juice. 

Obviously,  therefore,  it  will  be  of  interest  to  consider  such  evidence 
as  is  at  command,  as  to  the  comparative  composition  of  the  whole 
tubers,  and  of  the  juice,  and  as  to  the  distribution  of  the  several 
constituents  in  the  insoluble  matter,  or  so-called  marc^  and  in  the  juice, 
respectively. 

OOMFOSmON   OF  THE  WHOLE  TUBERS,  AND  OF  THE  JUICE. 

The  upper  division  of  Table  VII.  (p.  23)  shows  the  percentages  of 
dry  matter,  of  mineral  matter  (both  crude  and  pure  ash),  and  of 
nitrogen,  in  the  whole  tubers,  and  in  the  expressed  juice  of  the  tubeiSi 
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from  each  of 
each  case,  the 
1877,  and  1878. 


ten  differently  manured  plota.     The  reBuIts  are,  in 
each  case,  the  averages  for  the  produce  of  the  firat  three  years — 1876, 


TABLE  vn. 
EXPERIMENTS  ON  POTATOES, 

CompoaltkiD  of  the  tnben,  and  at  tbs  jnlee. 
Mixed  year  <unplee  \  Beuwns,  187ft,  1977,  and  1 


i 

ll 
h 

1 

; 

i 

E^RDTatd  Uantm. 


DrjMett™     ...  j  J^^ 
A.h(Crtld.)    -.-\J^ 
Aii(Pu«)      ...jj^ 
"•""S*"         "jjuicB 

4-S 
110 

1-08 

MS 
1S7 

0-M 

24S 

1-89 
I'SS 
0-21 

0-»3 

0-sa 
o-ae 

087 
0-B7 

1-M 
1-M 

1-48 

1-08 
1-K7 

*4-8 

z 

1-Sl 

if 

M-1 

4-9 

0-03 
0-29 

s4-a 

€■99 
0-9J 
0-S6 

FsTlc  oxide  ud  1  Tnben 
Alomim      ...(Juioe 

Lime     I^m" 

ro^ 13^^ 

Bod.      ..        ..\Z^ 
P.™i*»icA.d}5^ 
MphHrtcAcM  j3i^ 

OrtonieAdd...}]^^ 

„.                      1  Tuben 
el'™     iJoioe 

s-ie 

4M 

l-)7 
H-83 

0-30  1    0-3! 
9-W      S-46 

13-00    12-8B 

»-*3      6-80 

ISM    12-68 
13-flS    14-1 J 

0-44 
8-31 

ll-« 

0-S9 

WH7 

13-03 
T-3B 

B-36 

I'M 
0-02 

Ifi-OM 

11'98 
E-B9 

12-88 

12-69 
0-11 

o-« 

1-S6 
S-9S 

K 

ia> 

a-se 

13-46 

(•)  SupcrphOfphate,  and  Sulphstea  ot  Fataah,  Sodi,  uid  UHgnois. 

The  lower  division  of  the  Table  shows  the  percentage  composition 
of  the  pure  ash,  of  the  tubers,  and  of  the  juice,  respectively ;  propor- 
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tionally  mixed  samples  of  the  ashes  of  the  three  years  having  been, 
in  each  case,  made  and  analysed.  The  analyses  were  made  by  Mr.  R. 
Richter,  of  Berlin. 

The  first  three  columns  of  the  Table  relate  to  the  plots  without 
nitrogenous  manures—that  is  without  any  manure,  with  superphosphate 
alone,  and  with  mixed  mineral  manure  alone ;  the  next  four  columns  to 
the  plots  with  artificial  nitrogenous  manures,  without  and  with  mineral 
manure  in  addition ;  and  the  last  three  to  those  with  farm-yard  manure. 

It  is  seen  in  the  upper  division  of  the  Table,  thab  the  percentage  of 
dry  substance  in  the  tubers  ranges  from  27*6  per  cent,  in  the  unmanured 
produce,  to  only  23  per  cent  with  ammonium  salts  alone. 

The  percentage  of  dry  matter  in  the  expressed  juice,  ranges  from 
5*1  in  that  of  the  tubers  ^rown  by  mixed  mineral  manure  and  nitrate 
of  soda,  and  4*9  in  that  of  those  by  nitrate  of  soda  alone,  or  nitrate  of 
soda  added  to  farm-yard  manure — these  being  the  conditions  of  the 
greatest  luxuriance  of  growth — to  4*5  with  farm-yard  manure  alone, 
4 '6  without  manure,  with  the  mixed  mineral  manure  alone,  and  with 
farm-yard  manure  and  superphosphate — these  being  conditions  of  com- 
paratively early  maturity.  There  is  thus  indication  that  the  juice 
remains  the  richer  the  less  matured  the  crop  j  in  other  words,  that  the 
juice  includes  a  good  deal  of  not  finally  fixed  matter,  which  is,  in  fact, 
material  for  further  maturation;  or,  like  the  starch  itself,  for  the 
nutriment  of  the  plant  which  would  in  natural  course  be  grown  from 
the  tuber.  It  may  here  be  stated  that  the  juice,  which  shows  the  per- 
centage composition  recorded  in  the  Table,  generally  constitutes  not  far 
from  80  per  cent,  of  the  fresh  tubers. 

Although  the  percentage  of  dry  matter  in  the  fresh  juice  ranges 
only  about  one-fifth  as  high  as  that  in  the  fresh  tubers,  the  lines 
recording  the  percentages  of  pure  ash,  uniformly  show  a  higher 
percentage  of  it,  that  is  of  mineral  matter,  in  the  fresh  juice  than  in  the 
fresh  tubers.  This  of  course  implies  that  there  is  a  much  lower 
percentage  of  mineral  matter  in  the  insoluble  substance  than  in  the 
juice.  Indeed  it  will  be  seen  further  on  that  perhaps  85  per  cent,  or 
even  more,  of  the  total  mineral  constituents  of  the  tubers,  may  exist  in 
the  juice.  Then,  again,  there  is  a  wide  range  of  variation  in  the 
percentage  of  mineral  matter,  both  in  the  fresh  tubers,  and  in  the  fresh 
juice,  according  to  the  conditions  of  manuring ;  the  variations  in  the 
case  of  the  whole  tubers  being  mainly  due  to  those  in  the  juice.  We 
have  in  these  facts  further  evidence  of  the  less  fixed  condition  of  the 
constituents  of  the  juice,  and  of  the  less  essential  occurrence  of  a 
considerable  proportion  of  them. 

Next  as  to  the  percentage  of  nitrogen :  it  is  seen  to  range  from 
0*18  in  the  fresh  tubers  grown  by  mixed  mineral  manure  alone,  to 
nearly  double,  or  0*31  and  0*32  in  those  grown  by  nitrogenous  manure 
alone.  In  the  same  cases  it  ranges  in  the  fresh  juice  from  0*21  to  0*36  and 
0*38 ;  and  when  it  is  borne  in  mind  that  from  80  to  85  per  cent,  of  the 
total  nitrogen  of  the  tubers  may  exist  in  the  juice,  it  is  obvious  that  the 
range  of  variation  in  its  amount  in  the  insoluble  matter  is  comparatively 
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limited.    Fuiiher  illustrations  will  be  given  on  this  point  presently. 

Referring  to  the  lower  division  of  the  Table,  the  last  column  shows, 
for  the  ten  different  conditions  as  to  manuring,  the  average  percentage 
of  each  of  the  mineral  constituents  in  the  ash  of  the  whole  tubers,  and 
in  that  of  the  juice.  It  is  remarkable  how  nearly  identical  is  the 
percentage  composition  of  the  two  descriptions  of  ash,  and  this  fact 
indicates  much  more  of  selective  action,  and  of  essentialness  of  com- 
position, in  the  juice,  than  is  generally  found  in  the  more  purely 
vegetative  organs  of  plants — such  as  the  leaves  and  stems.  But,  in 
judging  of  the  significance  of  the  figures,  it  has  to  be  borne  in  mind 
that  the  ash  of  the  juice  which  shows  this  percentage  composition 
may  constitute  80  to  85  per  cent.,  or  even  more,  of  the  total  ash  of  the 
tubers — a  fact,  the  bearing  of  which  will  be  illustrated  further  on. 

I  will  not  refer  to  much  of  the  detail  given  in  the  other  columns. 
It  will  suffice  to  call  attention  to  the  variations  in  the  percentages  of 
some  of  the  more  important  constituents — potash  and  phosphoric  acid 
for  example — according  to  the  conditions  of  manuring. 

Thus  it  is  seen  that  the  percentage  of  potash  ranges  relatively  high 
where  the  supply  of  it  is  relatively  liberal,  as  for  instance  with  the 
purely  mineral  manures,  with  the  farm-yard  manure,  and  with  the 
nitrogenous  and  mixed  mineral  manures  together.  It  is,  on  the  other 
hand,  relatively  low  without  manure,  and  with  the  purely  nitrogenous 
manures.  Further,  there  is  generally  a  somewhat  corresponding  tendency 
in  the  percentage  in  the  ash  of  the  juice,  and  in  that  of  the  whole 
tubers,  a  large  proportion  of  the  latter  consisting  of  that  of  the  former. 
Then  it  is  to  be  observed,  that  where  there  was  deficiency  of  potash  in 
the  supply,  and  in  the  ash,  there  is  generally  an  increased  percentage  of 
lime  in  the  ash,  doubtless  derived  from  the  resources  of  the  soil  itself. 

Next  as  to  the  phosphoric  acid,  its  percentage  is  not  so  uniform 
as  that  of  the  potash.  It  is,  under  every  condition  of  manuring, 
higher  in  the  ash  of  the  whole  tuber  than  in  that  of  the  juice.  On 
the  other  hand,  the  percentage  of  sulphuric  acid  is,  in  every  case, 
higher  in  the  ash  of  the  juice  than  in  that  of  the  whole  tubers. 
Lastly,  in  the  ash  both  of  the  tubers  and  of  the  juice,  when  there  is 
relatively  high  percentage  of  phosphoric  acid,  there  is  a  general  but  not 
a  uniform  tendency  to  a  relatively  low  percentage  of  sulphuric  acid, 
and  vice  versd. 

Eeferring  to  the  less  essential  constituents  of  the  fixed  formations, 
such  as  soda  and  chlorine  for  example,  it  may  be  observed  that  their 
percentage  varies  considerably,  and  is  apparently  very  dependent  on 
the  supply  within  the  soil. 

CONDITIONS  OF  COMBINATION  OF  THE  NITROGEN  OF  THE  POTATO; 

AND  THB  DISTRIBUTION  OF  THE  NITROGENOUS 

CONSTITUENTS  IN  THE  SOLID  MATTER,  AND  IN  THB  JXHCE. 

I  now  come  to  the  very  important  question  of  the  condition  of 
combination  of  the  nitrogen  of  potato  tubers,  and  of  the  distribution  of 


26 


RESULTS  OF  EZPKRDIESTB  AT  BOTHAMSTED, 


the  nitrogenouB  compounds,  in  the  solid  nuttter,  and  in  the  joioe. 
Table  YIIL  (below)  shows  the  proportion  of  the  total  nitrogen  of 
the  tabers  which  exists  as  albuminoid  or  flesh-forming  compounds,  and 
the  proportion  which  is  in  other  fonn&  It  also  shows  the  proportion 
of  the  albuminoids  which  exist  in  the  insoluble  condition  in  the  marc, 
and  in  the  soluble  condition  in  the  juice.  The  upper  division  of  the 
Table  gives  some  results  of  E.  Schuke^  and  the  lower  division  results 
obtained  at  Rothamsted,  on  these  points. 


TABLE  VTII. 
ProportioD  of  Albamincid  Nitrogen,  and  Non- Albuminoid  Nitzogen,  in  Potatoee. 

Per  cent,  of  Uie  Total 
of  Uie  Tuben— 


E.  Schclze's  Results. 


No.  1 
No.  2 
No.  3 
No.  4 
No.  6 


Percent.  Per  cent. 


Mean 


19-8 
13-0 
200 
140 
24-2 


18-3 


410 
46-2 
27-4 
34-2 
40*8 


37-9 


Per  cent. 
60-8 
69-7 
47*4 
48-2 
650 


56-2 


Per  oen.'t. 
39-2 
40-3 
52-6 
51-8 
350 


43-8 


BOTHAMSTBD  RSSITLTS,   1878. 


Unmanmed  

Saperphoephate 

Mixed  Mineral  Manure 

Ammoniom  Salts 

Nitrate  of  Soda 

Ammoniom  Salts  and  Mixed  Mineral  Manure 
Nitrate  of  Soda  and  Mixed  Mineral  Manure 


Farm  jazd  Manure  

Farmyard  Manure  and  Superphosphate 
Farmyard  Manure,  Sui>erphosphate,  and  Nitrate  ) 
of  Soda         ] 

Mean 


15-8 

48-7 

91 

67-6 

14-4 

57-5 

12-3 

451 

110 

40-8 

161 

47-6 

17-1 

46-9 

220 
19-5 

12-6 


150 


45-9 

49-8 

46-5 


48-6 


64-5 
66-7 
71-9 
57-4 
51-8 
63-7 
64*0 

67*9 
69-3 

591 


63-6 


35-6 
33-3 
28-1 
42-6 
48-2 
36-3 
36-0 

321 
30-7 

40-9 


36-4 


(•)  Chiefly  Amide. 

It  is  seen  that,  of  the  total  nitrogen  of  the  tubers,  Schulze  found 
the  amount  existing  as  albuminoids  in  the  insoluble  matter  to  range 
from  13*5  to  nearly  double,  or  24*2  per  cent  of  the  whole,  and  to 
average  only  18-3  per  cent.  In  other  words,  on  the  average  of  the  five 
experiments,  81*7  per  cent,  of  the  total  nitrogen  of  the  tubers  existed 
in  the  juice. 

In  the  Bothamsted  experiments  there  was  probably  much  greater 
variation  in  the  conditions  and  characters  of  growth,  than  in  those  of 
Schulze ;  and  we  find  a  variation  in  the  amount  of  the  total  nitrogen 
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of  the  tubers  existing  as  albuminoids  in  the  solid  matter,  from  9*1  to 
22*0  per  cent,  of  the  whole ;  and  the  average  to  be  only  15  per  cent. 
The  tendency  of  error  of  analysis  would  probably  be  to  show  too  low 
an  amount  of  the  total  nitrogen  in  the  marc.  However,  the  two  sets  of 
results  sufficiently  agree  with  one  another  to  establish  the  fact  that 
probably  as  a  rule  less  than  20  per  cent,  of  the  total  nitrogen  will 
exist  as  insoluble  albuminoids. 

But  the  average  of  Schulze's  results  shows  37*9,  and  the  average  of 
the  Eothamsted  results  48*6  per  cent,  of  the  total  nitrogen  of  the 
tubers,  to  exist  as  soluble  albuminoids  in  the  juice.  In  solid  matter 
and  juice  together,  therefore,  Schulze's  results  show  an  average  of  56*2 
per  cent.,  and  those  of  Eothamsted  of  63*6  per  cent.,  of  the  total 
nitrogen  of  the  tubers  to  exist  as  albuminoids ;  though  from  two-thirds 
to  three-fourths  of  this  may  be  in  the  juice. 

On  the  other  hand,  Schulze's  results  show  an  average  of  43*8,  and 
those  of  Rothamsted  of  36*4  per  cent.,  of  the  total  nitrogen  of  the 
tubers,  to  be  in  a  non-albuminoid  condition.  By  far  the  larger  propor- 
tion of  this  non-albuminoid  nitrogenous  matter  exists  as  amides, 
and  much  less  as  ammonia  or  nitric  acid  than  is  usual  in  the  case  of 
root-crops.  The  nutritive  value  of  the  non-albuminoid  nitrogenous 
matters,  which  it  is  seen  may  amount  to  from  one-third  to  perhaps 
nearly  half  of  the  total  nitrogen  of  the  tubers,  is,  however,  to  say  the 
least,  doubtful.  Further,  as  two  or  three  times  as  much  of  the 
albuminoid  matter  itself  exists  in  the  juice  as  in  the  insoluble  portion 
of  the  tubers,  it  is  probable  that  a  considerable  proportion,  even  of  the 
albuminoid  substance,  will  be  lost  as  food.  To  this  point  I  shall  recur 
presently. 

« 

DISTRIBUTION  OF  THE  CONSTITUENTS  IN  1000  PARTS  OF  FRESH  TUBERS. 

It  will  be  well  now,  disregarding  the  variations  that  may  occur 
dependent  on  different  conditions  as  to  soil,  season,  manuring,  and 
other  circumstances,  to  endeavour  to  form  a  judgment  as  to  the  probable 
or  approximate  average  composition  of  Potato  tubers.  Accordingly, 
Table  IX.  (p.  28)  gives  the  estimated  average  composition  of  1000  parts 
of  fresh  Potato  tubers,  and  shows  the  probable  distribution  of  the 
constituents,  in  the  insoluble  matter,  and  in  the  juice,  respectively. 
The  estimates  are  founded  mainly  on  the  average  composition  of  the 
whole  tubers,  and  of  the  juice,  of  the  produce  of  the  ten  plots,  over  the 
first  three  seasons,  1876,  1877,  and  1878,  but  partly  also  on  other 
Rothamsted  results,  and  on  those  of  other  experimenters. 

The  first  column  shows  the  estimated  amounts  of  dry  matter, 
nitrogen,  total  mineral  matter  (or  ash),  and  of  each  ash-constituent,  in 
1000  of  fresh  tubers.  The  second  and  third  columns  show  the  distri- 
bution of  the  several  constituents  in  the  marc,  and  in  the  juice, 
respectively,  of  1000  parts  of  the  tubers. 

The  last  two  columns  show,  for  100  of  dry  matter,  of  nitrogen,  and 
of  ash,  the  proportion  of  each  in  the  marc,  and  in  the  juice  respectively. 
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They  also  show,  for  100  of  total  ash  in  the  tubers,  the  amoant  of  each 
ash-constituent  in  the  marc,  and  in  the  juice. 

TABLE  IX. 

EXPERIMENTS  ON  POTATOES. 

HoosfiM,  Roihamsted, 

Estimated  average  distribution  of  the  coDstitoents  in  1000  parts  of  Fresh  Tubers. 


Ferric  oxide  and  Alumina 

Lime         

Magnesia 


Potash 
Soda 


Phosphoric  Add 
Sulphuric  Add 
Chlorine    . . 
Carbonic  Acid 


Silica 


In  Marc. 

In  Juice. 

Per  cent,  of  totaL 

Oonsataeats. 

In  Tubers. 

InMATO. 

In  Jnioe. 

Dry  Matter          

Nitrogen 

A-v  S  Crude        

246 
2-5 
9-9 
9-7 

209 
0-4 

1-5 
1-4 

37 
21 

8-4 
8-3 

85-0 
150 
15-0 
150 

150 
850 
850 
85-0 

004 
0-18 
0-35 

5-58 
006 

1-23 
0-64 
0-57 
1-16 

006 


000 
0-02 
0-02 

0-88 
(-0-01) 

0*40 
000 
000 
0-04 

005 


0-04 
016 
0*33 

4-70 
007 

0-88 
0-64 
0-57 
112 

0-01 


Total       

Deduct  0  «  CI.. 

9-87 
013 

1-40 
000 

8-47 
013 

1500 
000 

86-32 
1-32 

Total       

9-74 

1-40 

8-34 

1      15-00 

85-00 

0-41 
1-63 
3-36 

47-90 
0-71 

8-46 

6-52 

5-81 

11-42 

010 


Directing  attention  first  to  the  four  upper  lines  of  the  Table,  it  is 
seen  that  1000  parts  of  fresh  Potato  tubers  are  estimated  to  contain, 
on  the  average,  246  parts  (or  24-6  per  cent.)  of  total  dry  substance ; 
209  of  which  will  be  in  the  marc,  and  37  in  the  juice.  These  amounts 
represent,  as  the  last  two  columns  of  the  Table  show,  85  per  cent  of  the 
total  solid  matter  to  be  in  the  marc,  and  15  per  cent,  to  be  in  the  juice. 

The  amount  aud  the  distribution  of  the  nitrogen  is  next  shown. 
1000  parts  of  the  fresh  tubers  are  estimated  to  contain  2*5  parts  of 
nitrogen,  or  0*25  per  cent.  Of  this  2*5  parts,  only  0*4  parts  are 
estimated  to  be  contained  in  the  insoluble  matter,  and  2-1  parts  in  the 
juice.  In  other  words,  as  the  last  two  columns  show,  only  about  15 
per  cent,  of  the  total  nitrogen  of  the  tubers  are  supposed  to  be  in  the 
insoluble  matter,  and  85  per  cent,  in  the  juice. 

The  next  two  lines  relate  to  the  amount,  and  the  distribution,  of 
the  mineral  or  ash  constituents ;  the  first  of  the  two  represents  the 
amounts  of  crude  ash  as  incinerated,  and  the  second  the  amounts  of 
pure  ash,  that  is  excluding  any  adventitious  matter,  such  as  sand  and 
charcoal.  As  the  individual  mineral  constituents  are  reckoned  on  the 
amount  of  pure  ash,  attention  may  be  confined  to  the  amount  and 
distribution  of  it. 
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1000  parte  of  fresh  tubers  are  estimated  to  contain  9*7  parts,  or 
nearly  1  per  cent,  of  pure  ash.  Of  this,  only  1  '4  parts  are  supposed  to 
be  in  the  insoluble  matter,  and  8*3  parts  in  the  juice — amounts 
corresponding  to  only  15  per  cent,  of  the  total  pure  ash  in  the  insoluble 
matter,  and  85  per  cent,  in  the  juice. 

Thus,  whilst  of  the  total  dry  substance  of  the  tubers  85  per  cent. 
is  reckoned  to  be  in  the  insoluble  matter,  and  only  15  per  cent,  in  the 
juice;  of  the  total  nitrogen,  and  of  the  total  mineral  matter,  only  15 
per  cent  is  reckoned  to  be  in  the  insoluble  matter,  and  85  per  cent,  in 
the  juice. 

Attention  must  now  be  briefly  directed  to  the  amount  and  the 
distribution  of  the  individual  mineral  constituents  in  1000  parts  of  the 
fresh  tubers,  as  shown  in  the  lower  portion  of  the  Table. 

The  ferric  oxide  and  alumina  are  found  in  immaterial  amount,  and 
are  probably  mainly  to  be  attributed  to  traces  of  adherent  soil,  not 
removed  from  the  tubers  in  washing. 

The  lime,  the  soda,  and  the  silica,  are  also  in  immaterial  amounts, 
and  the  quantity  of  magnesia  is  also  comparatively  small.  As  already 
pointed  out,  the  quantity  of  chlorine  is  very  variable,  and  mainly 
dependent  on  the  amount  of  the  supply,  whilst  its  occurrence  is 
probably  connected  with  its  agency  as  a  carrier  of  other  constituents, 
rather  than  as  an  essential  constituent  in  connection  with  any  special 
function  of  the  plant  Then  there  is  the  carbonic  acid,  which  is 
probably  in  great  part,  the  product  of  the  destruction  of  organic  acid 
in  the  incineration. 

There  remain  the  potash,  the  phosphoric  acid,  and,  in  a  less  degree, 
the  sulphuric  acid,  as  prominent  mineral  constituents  of  the  tubers. 

The  Table  shows  that  1000  parts  of  the  fresh  tubers  are  reckoned 
to  contain  5*58  parts  of  potash,  1*23  parts  of  phosphoric  acid,  and  0*64 
parts  of  sulphuric  acid. 

It  has  been  stated  that  potash  is  essentially  connected  with  the 
formation  of  starch,  and  other  non-nitrogenous  matters,  and  phosphoric 
acid,  and  in  some  degree  sulphuric  acid,  with  that  of  the  nitrogenous 
compounds.  Yet  we  see  that^  of  the  558  parts  of  potash  in  1000  parts 
of  tubers,  only  0*88  parts  exist  in  the  marc,  and  4*7  parts  in  the  juice. 
A  portion  of  that  in  the  juice  may,  of  course,  be  surplusage  considered 
in  relation  to  the  transformations  with  which  it  is  connected.  But  the 
fact  that  a  much  larger  amount  of  the  potash  remains  in  the 
juice  unassociated  with  the  already  formed  and  stored  up  starch,  is  of 
itself  no  evidence  that  it  has  not  been  of  avail  in  the  changes  necessary 
to  its  formation ;  and  the  fact  that  the  percentages  of  potash  and 
phosphoric  acid,  and  even  of  sulphuric  acid,  are  so  comparatively 
uniform  in  the  ashes  of  the  total  tubers,  and  in  those  of  the  juice,  and 
that  they  vary  so  little  under  such  very  various  conditions  of  manuring, 
that  is  of  their  supply,  would  indicate  that  the  amounts  have  some  direct 
relation  to  the  physiological  changes  within  the  organ,  essential  to  its 
special  formations. 

Turning  to  the  phosphoric  acid,  it  is  seen  that  of  the  1*23  parts  in 
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1000  of  fresh  tubers,  0*40  are  reckoned  to  be  in  the  marc,  and  0*83  in 
the  jaice  ;  or  almost  exactly  one-third  in  the  marc,  and  two-thirds  in 
the  juice.  That  there  should  be  a  considerable  proportion  of  the  whole 
of  the  phosphoric  acid  in  the  juice,  seems  quite  consistent  with  the  fact 
that  so  large  a  proportion  of  the  albuminoid  compounds  exists  in  the  juice. 
Indeed  the  average  of  Schulze's  analyses  shows  almost  exactly  the  same 
proportion  of  the  total  albuminoids  to  be  in  the  juice — namely  about 
two-thirds — ^as  the  estimates  now  under  consideration  show  to  be  the 
case  with  the  phosphoric  acid. 

Of  the  0*64  parts  of  sulphuric  acid  in  1000  of  fresh  tubers, 
practically  the  whole  is  found  in  the  juice. 

The  general  conclusion  to  which  these  calculations  as  to  the 
distribution  of  the  various  constituents  of  Potato  tubers  leads  is — ^that 
from  80  to  85  per  cent,  or  even  more,  of  the  total  nitrogen  of  the 
tubers  may  be  in  the  juice,  and  that  about  the  same  proportion  of  the 
total  mineral  matter  also,  may  be  in  the  juice.  Further,  that  about  the 
9ame  proportion — 80  to  85  per  cent.— of  the  total  potash,  and  about 
two-thirds  of  the  total  phosphoric  acid,  are  in  the  juice.  And  when 
it  is  borne  in  mind  that  two-thirds,  or  more,  of  the  nitrogen  existing 
as  albuminoids  is  in  the  juice,  it  is  obvious  that  if  the  mode  of  cooking 
the  Potato  is  such  as  to  exclude  the  constituents  of  the  juice  from  the 
final  food  product,  there  is  considerable  waste  of  nutritive  matter ;  and 
that,  indeed,  the  proportion  of  albuminoid  matter  in  the  food  is 
exceedingly  small.  When  Potatoes  are  used  as  a  mere  adjunct  to  an 
otherwise  liberal  diet,  the  general  practice  is  to  cut  off  the  rind,  and  to 
put  the  peeled  Potatoes  into  cold  water,  by  which  a  large  proportion  of 
the  soluble  albuminoid  matters  must  be  washed  out,  before  the  tempera- 
ture of  the  water  becomes  sufficiently  high  to  coagulate  and  fix  them. 
A  very  large  proportion  of  the  potash  must  also  be  washed  out  under 
such  circumstances.  When,  however,  potatoes  constitute  an  important 
item  in  the  diet,  as  in  the  rural  districts  of  Ireland  for  example,  it  is 
usual  to  boil  them  in  their  skins — or,  as  is  said,  in  their  jackets.  Under 
such  circumstances,  certainly  a  much  larger  proportion  of  the  albuminoid 
matter  will  reach  the  stomachs  of  the  consumers  ;  and  doubtless  much 
more  of  the  potash  and  phosphoric  acid  also.  Still,  it  is  obvious  that 
a  Potato  diet  must  be  very  deficient  in  the  proportion  of  nutritive 
nitrogenous  compounds. 

INCREASED  PRODUCriON  OF  STARCH  BY  NITROGENOUS  MANURES. 

But  although  only  about  15  per  cent,  of  the  total  nitrogenous 
compounds  of  the  tuber  exists  in  the  insoluble  matter,  and  a  very  large 
proportion  of  the  remainder — greater  or  less  according  to  circum- 
stances— is  not  available  as  flesh-forming  material,  yet  Table  IX.  shows 
that  85  per  cent  of  the  total  dry  or  solid  matter  of  the  tuber  may  be  in 
the  insoluble  matter  or  marc.  The  next  question  to  consider  is,  therefore, 
of  what  does  this  consist)  It  has  been  incidentally  stated  that  it  consists 
chiefly  of  the  non-nitrogenous  substance — starch.    It  has  further  been 
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stated  that  the  amount  of  starch  may  approximately  be  estimated  from 
the  specific  gravity  of  the  tubers,  or  from  their  percentage  of  dry 
substance.  It  has  also  been  assumed  that  the  increased  amount  of 
dry  matter  grown,  per  acre,  under  the  influence  of  nitrogenous  manures, 
consisted  mainly  of  this  non-nitrogenous  substance.  These  various 
points  are  illustrated  by  the  figures  in  the  foUowing  Table  (X). 


TABLE  X. 
EXFEBIHENTS  ON  POTATOES. 

Orovm  year  after  year  on  the  same  land,  Hoo^field,  Sothanuted. 
'BtAmftltm  of  Increaae  of  Starch  pirodaoed  by  Nitrogen  in  Manure.    Average  of  10  years,  1876-1866. 

(Approximate  Estimates.) 


I 


Dry  Matter. 


s 

I 

I 


starch. 


Per  acre. 


i 


Fori 
^Nitrogen 
in  Manure. 


unmaoYired         ...       ...       ... 

Mixed  Mineral  Manure 

Anunonium  Salts... 

Nitrate  of  Soda 

Mixed  Ifineral  Manure  and  Ammo- 

nimn  Salts 
Mixed  Mineral  Manure  and  Nitrate 

IO%rUlv  •••  •■>  •••  ••• 


1-116 
1-113 

1-106 
I'lll 

1*108 
1-107 


p.  c. 
28-0 
26*2 

25-8 
26-2 

26-8 
26*6 


lbs. 
1868 
2884 

1419 
1649 

4121 
4069 


p.  c. 
28-2 
21*9 

21-4 
21-7 

21-1 
21*2 


lbs. 
1120 
1968 

1169 
1862 

8486 


lbs. 

49 
242 

2816 
2248 


lbs. 


1448 
1880 


0-6 
2-8 

26-9 
26-1 


16-8 
16-1 


The  Table  shows,  for  the  tubers  grown  without  manure,  and  with 
the  mixed  mineral  manure  alone,  with  the  nitrogenous  manures  alone, 
and  the  mixtures  of  mineral  and  nitrogenous  manures,  the  average 
specific  gravity  over  the  ten  years,  1876  to  1885,  the  average  percentage 
of  dry  matter  in  the  tubers,  and  total  dry  matter  produced  per  acre. 
Next  is  shown  the  estimated  percentage  of  starch  in  the  tubers, 
calculated  from  the  percentage  of  dry  matter,  by  a  factor  arrived  at 
by  a  consideration  both  of  the  rules  of  estimate  of  others,  and  of  the 
results  of  calculations  at  Eothamsted,  eliminating  the  other  constituents. 

As  already  fully  illustrated,  it  is  seen  that  high  specific  gravity  of 
the  tubers  and  high  percentage  of  dry  matter  go  together.  The  total 
amount  of  dry  matter  produced  per  acre,  is  considerably  increased  by 
the  mineral  manure  alone,  but  very  much  more  when  the  mineral  and 
nitrogenous  manures  are  used  together.  Thus,  the  produce  of  dry 
substance  of  tubers  was,  without  manure  1353  lbs.  per  acre;  with 
purely  mineral  manure  2384  lbs.  ;  and  with  the  mixture  of  the  mineral 
and  nitrogenous  manures  more  than  4000  lbs.  per  acre. 

s 
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The  remaming  columns  show,  the  estimated  percentage  of  starch  in 
the  tubers,  the  calculated  total  amounts  of  it  per  acre  on  the  different 
plots,  the  increased  amounts  per  acre  over  the  amount  without  manure, 
under  the  influence  of  the  nitrogenous  manures,  both  when  used  alone,  and 
in  conjunction  with  the  mineral  manures ;  also  the  increased  amounts 
over  the  produce  with  purely  mineral  manures,  when  both  mineral  and 
nitrogenous  manures  are  used  together.  Finally,  there  is  shown  the 
increased  amounts  of  starch  produced  by  the  use  of  1  part  of  nitrogen 
in  manure,  reckoned  both  over  the  unmanured,  and  over  the  mineral 
manured  produce. 

It  will  be  observed  that  the  Potatoes  are  reckoned  to  contain  on  an 
average  more  than  21  per  cent,  of  starch. 

The  produce  of  starch  per  acre  is  1120  lbs.  without  manure,  and 
1988  or  nearly  2000  lbs.  with  purely  mineral  manure — that  is  without 
nitrogen.  The  amount  with  purely  nitrogenous  manure  is  not  so  great 
as  that  with  purely  mineral  manure.  But  with  both  nitrogenous  and 
mineral  manure,  the  quantity  of  starch  is  raised  to  an  average  of  about 
3400  lbs.,  or  about  l|  ton  per  acre. 

The  increased  amount  of  starch  over  that  without  manure, 
produced  by  nitrogenous  manures  alone,  containing  86  lbs.  of  nitrogen, 
is  very  small ;  only  49  lbs.  when  as  ammonium  salts ;  and  242  lbs. 
when  as  nitrate  of  soda.  When  both  nitrogenous  and  mineral  manures 
are  used  together,  the  increased  amount  of  starch  produced  is  more  than 
1  ton  per  acre — 2316  lbs.  with  ammonium  salts,  and  2248  lbs.  with 
nitrate  of  soda  ;  but  the  increased  amounts  reckoned  over  the  produce 
by  the  purely  mineral  manure,  are  only  about  two-thirds  as  much  as 
when  reckoned  over  the  unmanured  yield — namely,  1448  and  1380  lbs. 

The  last  two  columns  show  the  increased  amount  of  starch  obtained 
for  1  of  nitrogen  supplied  in  the  manure. 

With  the  purely  nitrogenous  manures  there  is  practically  no  increase 
in  the  amount  of  starch  produced.  When  the  two  descriptions  of 
manure  are  used  together,  there  is,  for  1  of  nitrogen  in  manure,  26*9 
and  26 '1  parts,  increased  produce  of  starch  reckoned  over  the  un- 
manured produce,  and  16*8  and  161  parts  reckoned  over  the  produce 
by  the  mixed  mineral  manure  alone. 

Here,  then,  in  the  Potato,  we  have  a  great  increase  in  the  production 
of  the  non-nitrogenous  constituent — starchy  by  the  use  of  nitrogen  in 
manure,  just  as  in  the  root-crops  we  have  a  great  increase  in  the 
produce  of  the  non-nitrogenous  constituent — sugar,  by  the  use  of 
nitrogenous  manure.  There  is,  however,  under  corresponding  con- 
ditions as  to  manure,  somewhat  more  sugar  produced  in  Mangel 
Wurzel  for  1  of  nitrogen  in  manure,  than  of  starch  in  the  Potato. 
Thus,  with  similar  mineral  manures,  and  the  same  amounts  of 
nitrogen  supplied,  we  had,  reckoned  over  the  produce  by  the  mineral 
manures  alone,  in  Mangel  Wurzel  19*0  parts  of  sugar  for  1  of  nitrogen 
as  ammonium  salts,  against  16*8  parts  of  starch  in  the  Potato; 
and  for  1  of  nitrogen  as  nitrate  of  soda,  we  had  22*1  parts  of  sugar 
produced  in  the  Mangel  Wurzel,  and  16*1  parts  of  starch  in  the  Potato. 
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In  the  sugar-beet,  however,  there  was  even  much  more  sugar  produced  for 
1  of  nitrogen — namely,  when  as  ammonium-salts  28*6  parts,  and  when 
as  nitrate  of  soda  36*0  parts. 

As  then  the  root-crops  are  essentially  sugar-yielding  crops,  so  the 
Potato  is  essentially  a  starch-yielding  crop ;  and  it  is  seen  that,  provided 
the  mineral  constituents  are  not  deficient,  the  produce  of  both  sugar  and 
starch  is  greatly  increased  by  the  amount  of  nitrogen  available  to  the 
plant  within  the  soil,  whether  derived  from  previous  accumulations,  or 
from  direct  nitrogenous  manuring. 

This  result,  the  greatly  increased  production  of  non-nitrogenous 
substances,  by  the  use  of  nitrogenous  manures,  is  equally  striMng  in 
the  case  of  cereal  crops.  The  most  prominent  effect  of  the  use  of 
nitrogenous  manures  to  such  crops,  is  the  increased  production  of  starch 
in  the  grain,  and  of  cellulose  in  the  straw.  Indeed,  it  is  chiefly  for  the 
increased  production  of  the  non-nitrogenous  substances,  starch,  sugar, 
and  cellulose,  that  our  direct  nitrogenous  manures  are  used.  And  if 
we  reckon,  not  the  amount  of  nitrogen  applied,  but  only  the  increased 
amount  of  it  taken  up  by  the  growing  vegetation,  it  is  obvious  that  the 
amounts  of  non-nitrogenous  substances  produced  for  1  of  nitrogen  so 
taken  up,  are  very  much  greater  than  the  estimates  above  referred  to 
would  indicate. 

In  my  lecture  last  year,  I  showed  how  small  was  the  proportion  of 
the  flesh-forming  nitrogenous  constituents,  to  the  non-nitrogenous  or 
specially  respiratory  and  fat-forming  constituents,  in  root-crops ;  and  in 
the  Potato  the  proportion  is  considerably  smaller  still.  For  whilst  the 
percentage  of  total  nitrogen  is  much  the  same  in  fresh  Mangel  Wurzel, 
or  Swedish  Turnips,  as  in  fresh  Potatoes,  the  fresh  tuber  contains 
twice,  or  more  than  twice,  as  much  digestible  non-nitrogenous  matter 
as  the  roots.  On  the  other  hand,  a  larger  proportion  of  the  total 
nitrogen  exists  as  albuminoid  compounds  in  the  Potatoes  than  m  the 
root-crops. 

CONDITIONS  OF  SEASON  AND  MANURING  FAVOUItlNG  DISEASK 

Thus  far  I  have  treated  of  the  conditions  of  erowth,  and  of  the 
composition,  of  Potato  tubers ;  and  it  has  been  shown  that  both  the 
growth  and  the  composition  are  very  characteristically  influenced  both  by 
season  and  manuring,  and,  so  far  as  manure  is  concerned,  very  specially 
by  nitrogenous  manures.  Incidentally  it  has  been  shown  that  both 
the  occurrence,  and  the  development,  of  the  disease  are  also  very 
materially  influenced  by  both  season  and  manuring. 

The  well  known  fact  that  the  characters  of  the  season  have  much  to 
do  with  the  development  of  the  disease  was  very  conclusively  borne  out 
by  the  results  adduced.  It  was  seen  that  under  every  condition  as  to 
manuring,  whether  artificial  or  otherwise,  there  was,  on  the  average, 
a  very  much  larger  proportion  of  diseased  tubers  over  the  first  four, 
or  generally  wetter  seasons,  when  moreover  the  "  Rock  "  was  grown, 
than  over  the  subsequent  seasons  of,  on  the  average,  better  maturing 


34  RESULTS  OF  EXPERIMENTS  AT  ROTHAMSTED, 

conditionB,  but  when  also  the  ''Champion"  was  grown.  It  is  not 
without  interest  to  observe,  that  there  was  such  a  very  great  redaction 
in  the  amount  of  disease  over  the  later  periods  of  the  continuous 
growth  of  the  crop  on  the  same  land;  conditions  which  might  be 
considered  unfavourable  for  healthy  growth.  It  should  be  stated, 
however,  that  every  year  fresh  seed  was  procured  from  a  distance. 

Then,  again,  so  far  as  the  influence  of  manuring  lb  concerned,  it  was 
seen  that  the  proportion  of  diseased  tubers  was  the  least  where  there 
was  no  supply  of  nitrogen  by  manure ;  that  is  where  there  was  the 
least  luxuriance,  and  the  most  restricted  growth,  and  with  this,  the 
ripening  tendency  early  developed.  On  the  other  hand,  it  was  where 
there  was  liberal  supply  of  nitrogen,  and  the  most  luxuriant  growth, 
that  there  was  by  far  the  greatest  proportion  of  diseased  tubers. 

It  is  not  within  my  province,  nor  am  I  competent,  to  pass  any 
judgment  on  either  the  admitted,  or  the  disputed  points  relating  to  the 
identity,  the  morphological  characters,  and  the  mode  of  development, 
of  the  fungus.  But  the  investigations  carried  on  at  Bothamsted  do 
throw  some  light  on  the  conditions,  both  without  and  within  the  plant, 
under  which  the  development  of  the  fungus  is  the  most  favoured,  and 
on  the  results  of  its  growth  on  the  chemical  composition  of  the  tubers. 

The  fact  that  wet  seasons  favour  the  development  of  the  disease 
would  seem,  independently  of  any  influence  favouring  the  migration 
of  the  spores,  to  be  largely  dependent  on  the  condition  of  succulence 
and  activity  engendered  in  the  juice ;  and  the  fact  that  there  is  much 
less  disease  with  restricted  growth,  and  early  ripening,  may  simply  mean 
that,  under  such  conditions  of  the  tuber,  there  is  in  the  juice  a  restricted 
supply  of  food  for  the  fungus.  At  any  rate  it  is  under  the  contrary 
conditions — ^those  in  which  the  juice  is  relatively  rich  in  nitrogenous 
and  mineral  matters — that  the  development  of  the  disease  is  the  most 
pronounced.  It  has  to  be  borne  in  mind  that^  in  the  experiments  under 
consideration,  the  occurrence  of  the  meteorological  conditions  favouring 
the  development  of  the  disease,  finds  the  tubers  of  the  different  plots 
in  very  different  conditions,  not  only  aa  to  richness  of  juice  due  to 
supply  by  manure,  but,  owing  to  these  very  conditions,  in  very  different 
states  as  to  maturity,  that  is  as  to  fixity  of  composition,  or  suscepti- 
bility to  changa  The  question  arises,  therefore,  how  far  the  tubers  of 
restricted  development,  and  greater  maturity,  would  have  shown  more 
susceptibility  to  the  disease  if  the  adverse  meteorological  conditions 
had  prevailed  at  an  earlier  stage  of  their  growth ;  or  how  far,  if  they 
had  occurred  later,  the  more  luxuriant  tubers  would  have  suffered  less. 
However  this  may  be,  certain  it  is  that,  when  the  unsuitable  weather 
comes,  those  tubers  suffer  most  which  have  the  richest  juice,  and  the 
least  fixity  of  composition. 

CHEMICAL  CHANGES  IN  THE  TUBERS,   INDUCED  BY  THE  DISEASE. 

I  now  come  to  the  question — what  are  the  changes  which  the 
development  of  the  disease  induces  in  the  chemical  composition  of  the 
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tubers  %  We  have  only  been  able  to  devote  attention  to  this  subject 
in  certain  special  and  limited  aspects,  but  the  results  which  have  been 
obtained  are  consistent  and  definite,  so  far  as  they  go,  and  of  con- 
siderable interest 

In  the  first  place,  the  percentages  of  dry  matter,  mineral  matter, 
and  nitrogen,  were  determined  in  the  good  or  well-grown  tubers,  in  the 
small  or  imperfectly  developed  tubers,  and  in  the  diseased  tubers,  of 
most  of  the  experimental  plots,  in  each  of  the  first  three  years  of  the 
experiments.  The  sugar  was  also  determined  by  the  polariscope,  in 
the  juice  of  the  good  and  of  the  small  Potatoes. 

Next,  in  a  considerable  number  of  cases,  the  white  and  the  dark 
portions  of  diseased  Potatoes  were  careiully  separated.  Each  of  these 
was  separately  pressed,  so  as  to  obtain  the  juice,  and  the  insoluble 
portion  or  marc,  separately,  for  analysis.  In  the  juice  of  each,  the 
mineral  matter  and  the  nitrogen  were  determined.  In  all  cases  the 
sugar,  by  polariscope,  was  determined ;  and,  in  selected  cases,  the  glucose 
already  existing,  and  the  total  sugar  in  the  juice,  after  conversion  into 
glucose.  Lastly,  in  the  marc,  both  of  the  white  and  of  the  dark 
portions,  the  mineral  matter,  and  in  some  cases  the  nitrogen,  was 
determined. 

The  data  were  thus  provided,  in  the  first  place  for  comparing  the 
composition,  in  some  important  aspects,  of  the  fully  matured,  of  the 
immature,  and  of  the  diseased,  whole  tubers ;  also  for  the  com- 
parison of  the  composition  of  the  insoluble  portion,  and  of  the  juice, 
both  of  the  white  or  incipiently  diseased,  and  of  the  dark  or  fully 
diseased,  portions  of  the  diseased  tubers. 

Table  XI.  (p  36)  shows  the  percentages  of  dry  matter,  mineral 
matter,  and  in  many  cases  of  nitrogen  in  the  dry  matter,  of  the  good, 
the  small,  and  the  diseased  whole  tubers,  from  each  of  the  ten 
differently  manured  plots,  in  each  of  the  first  three  years  of  the 
experiments — 1876,  1877,  and  1878.  It  also  shows,  in  each  case,  the 
percentage  of  sugar,  as  determined  by  the  polariscope,  in  the  juice  of 
the  good,  and  of  the  small  Potatoes. 

I  do  not  propose  to  refer  in  detail  to  the  results  relating  to  the 
produce  of  individual  plots,  but  only  to  call  attention  to  the  general 
and  average  character  of  the  results. 

Referring  first  to  the  percentages  of  dry  matter,  a  glance  at  the 
columns  shows  that,  in  every  case  but  one  in  1876,  in  eight  out  of  the 
ten  cases  in  1877,  and  in  nine  out  of  ten  in  1878,  there  was  a  lower 
percentage  of  dry  substance  in  the  less  developed  small,  than  in  the 
more  matured,  or  so  designated  "good"  tubers.  Again,  there  was,  over 
the  three  years,  in  every  case  but  one,  a  considerably  lower  percentage 
of  dry  matter  in  the  diseased  than  in  either  the  good  or  the  small 
Potatoes.  This  result  must  obviously  be  due  either  to  acquisition  of  water, 
or  to  loss  of  dry  or  solid  substance,  under  the  influence  of  the  disease. 

The  next  columns,  which  show  the  percentages  of  mineral  matter 
in  the  dry  substance  of  the  different  descriptions  of  tuber,  afford 
satisfactory  evidence  that  there  had  been  a  considerable  loss  of  solid 
organic  substance. 
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Quite  consistently  with  the  illustrations  which  have  been  before 
adduced,  there  is,  with  one  exception,  a  lower,  and  sometimes  a  consi- 
derably lower,  percentage  of  mineral  matter  in  the  dry  substance  of  the 
more  matured  **good  "  than  in  the  less  matured  "  small"  tubers.  But 
the  point  of  special  interest  is,  that  there  is  in  every  case,  in  each  year, 
a  higher,  and  frequently  a  much  higher,  percentage  of  mineral  matter 
in  the  dry  substance  of  the  diseased,  than  in  that  of  the  sound  tubers. 

Now,  as  the  mineral  matter  is  fixed,  and  not  subject  to  loss  or  gain, 
it  is  obvious  that  its  increased  amount  in  relation  to  that  of  the  dry 
substance  means  that  there  has  been  a  loss  of  the  organic  substance  of 
the  tuber  under  the  influence  of  the  disease,  by  which  the  proportion 
of  the  mineral  to  the  organic  matter  is  necessarily  increased.  It  is 
possible,  however,  that  in  some  cases  the  percentage  of  mineral  matter 
may  be  slightly  too  high,  owing  to  the  difficulty  of  thoroughly  cleansing 
the  diseased  tubers  from  adherent  soil. 

The  next  question  is — whether  this  loss  of  organic  substance  is 
chiefly  of  the  nitrogenous,  or  of  the  non-nitrogenous,  constituents  of 
the  tubers  1  The  columns  showing  the  percentages  of  nitrogen  in  the 
dry  substance  of  the  good,  the  small,  and  the  diseased  tubers,  in  the 
first  season,  1876,  afford  evidence  on  this  point.  There  is  almost 
uniformly  a  lower  percentage  of  nitrogen  in  the  dry  substance  of  the 
good  than  in  that  of  the  small  tubers,  and  this  again  is  quite  consistent 
with  what  has  gone  before.  But  there  is  in  every  case  a  higher,  and 
sometimes  a  much  higher,  percentage  of  nitrogen  in  the  dry  substance 
of  the  diseased  than  in  that  of  the  sound  tubers.  The  conclusion  is, 
that  it  is  chiefly,  if  not  exclusively,  non-nitrogenous  constituents  that 
have  been  lost;  the  proportion  of  the  nitrogenous  to  the  non-nitrogenous 
constituents  being  thereby  increased. 

Before  leaving  Table  XL,  the  average  results  given  in  the  bottom 
line  for  each  year  may  be  quoted,  in  further  illustration  of  the  con- 
clusions which  have  been  drawn  from  a  general  view  of  the  detailed 
figures. 

Thus,  in  1876,  the  average  percentage  of  dry  substance  is,  in  the 
good  tubers  2252,  and  in  the  diseased  tubers  only  19*35;  the  average 
percentage  of  mineral  matter  in  the  dry  substance  is,  in  the  good 
tubers  4*16,  and  in  the  diseased  tubers  5*11.  Thus  there  is,  with  the 
disease,  a  lower  percentage  of  dry  matter,  and  a  higher  percentage  of 
mineral  matter  in  the  dry  substance — the  two  results  together  showing 
that  there  has  been  a  loss  of  organic  substance.  Then,  again,  the 
percentage  of  nitrogen  in  the  dry  substance  is,  in  the  good  tubers 
1*147,  and  in  the  diseased  tubers  1*486,  or  higher  in  that  of  the 
diseased  than  of  the  good  tubers. 

In  1877,  with  a  very  different  range  of  percentages  with 
different  characters  of  season,  the  average  percentage  of  dry  matter  is, 
in  the  good  tubers  26*95,  and  in  the  diseased  tubers  only  22*63;  whilst 
in  the  dry  substance  itself  the  average  percentage  of  mineral  matter  is, 
in  the  good  tubers  3*88,  and  in  the  diseased  tubers  4*88. 

In   1878,  with  again  a  different  season,    the  results  are    quite 
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accordant.  Thas,  the  average  percentage  of  dry  matter  is,  in  the  good 
tubers  24*2,  and  in  the  diseased  tubers  only  20  02 ;  whilst  the  average 
percentage  of  mineral  matter  in  the  dry  substance  is,  in  the  good 
tubers  4-06,  and  in  the  diseased  tubers  5*39. 

The  evidence  is,  therefore,  consistent  and  conclusive,  that  coinci- 
dently  with  the  development  of  the  disease,  there  is  a  considerable  loss 
of  organic  substance,  and  that  the  loss  is  chiefly,  if  not  exclusively,  of 
non-nitrogenous  matter. 

The  last  columns  of  the  Table  show  that  there  is  a  small  but 
appreciable  amount  of  sugar  determinable  by  the  polariscope  in  the  juice 
of  the  tubers ;  but,  that  there  is  generally,  and  on  the  average,  some- 
what less  in  that  of  the  more  matured  "  good  "  than  in  that  of  the 
small  tubers.  Further,  the  difference  is  the  greater  in  the  tubers  of 
1877,  the  season  of  the  highest  maturation  of  the  three.  The  indication 
is,  therefore,  that  the  percentage  of  sugar  in  the  juice  diminishes  with 
maturation. 

FURTHER    EVIDEMGE  AS  TO  THE  CHANGES   INDUCED  BY  THE  DISEASE. 

Table  XII.  (p.  39)  gives  a  comparative  view  of  the  composition  of  the 
white  or  only  partially  diseased,  and  of  the  dark  or  more  fully  diseased 
portions  of  the  affected  tubers.  The  first  eight  columns  relate  to  the 
composition  of  the  juice,  and  the  last  four  to  that  of  the  marc ;  that  is, 
the  solid  residue  remaining  after  the  expression  of  the  juice.  For  the 
first  season,  1876,  the  results  are  given  for  only  three  plots;  but  for 
1877  and  1878,  for  each  of  the  ten  plots.  The  analyticai  results 
are,  however,  in  some  important  respects,  more  complete  for  the  few 
plots  of  the  first  year.  It  will  be  convenient  to  refer  first  to  the  more 
numerous  but  less  complete  results  for  1877  and  1878. 

First  as  to  the  composition  of  the  juice  of  the  white,  and  of  the 
dark,  or  more  completely  diseased  portion  of  the  tubers.  The  first  two 
columns  do  not  show  uniformly  more,  or  uniformly  less,  mineral  matter 
in  the  juice  of  the  dark,  than  in  that  of  the  white  portion,  but 
on  the  average  nearly  identical  amounts.  The  irregularities  are 
probably  partly  due  to  adventitious  soil-matter,  as  before  referred  to, 
and  this  would  affect  the  determinations  in  the  dark,  or  more  diseased 
portions,  more  than  in  those  of  the  white  portions. 

The  third  and  fourth  columns  show,  however,  that  there  is  always 
very  much  less  nitrogen  in  the  juice  of  the  dark  than  in  that  of  the 
white  portion — indicating  that  nitrogen  has  been  appropriated  by  the 
fungus  in  the  course  of  its  growth. 

The  sugar  determined  by  the  polariscope  is,  each  year,  very  much 
higher  in  the  juice  of  the  white  portion  of  the  diseased  tubers,  than  in 
the  juice  of  sound  tubers.  Thus,  in  1876,  there  was,  in  the  juice  of  the 
sound  tubers  (see  Table  XL,  p.  36)  an  average  of  only  0*50  percent,  of  sugar 
by  the  polariscope,  but  in  the  juice  of  the  white  portion  of  the  diseased 
tubers  there  was  an  average  of  1*307  per  cent.  In  1877  there  was  an 
average  in  the  juice  of  the  good  tubers  of  only  0*39  per  cent.,  and  in 
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TABIiEXn. 

EXPERIMENTS  ON  POTATOES. 

Oroum  year  after  y«ar  on  Ike  sttme  land,  Hoo^eldt  BothamHed, 

Puticolan  of  the  Oomposition  of  Diaeaaed  Potatoes. 


Per  cent,  in  F)resh  Juice. 


MiuRfal 

Matter 
(Aah). 


51 


t 


Nitrogen. 


I 


Sugar. 


B_        ;       TWal 

-D,vi.«tl/w»w>   reckoned  aa 
Polaxiaoope.     Qi^eoae. 


II 


si 


I 


& 


Per  cent,  in  Dry  Maro. 


Minfltal 

Matter 
(Aah). 


•81 
^1 


Nitrogen. 


FiBST  SiAaoN,  1876. 


AwTnnwfam   Balta  and 
Ttf fw^  Mfaarftl  Manure 
Nitrate    of   Soda    and 
Mixed  Mineral  Manure 
Fkxmyard  Manure  and 
Superphosphate 

(2*084) 
1-887 

1*689 
1*114 
1*642 

0*262 
0*881 
0*249 

0-191 
0-168 
0161 

1*466 
1*067 
1*400 

0-00 
0*00 
0*288 

1-60 
0*70 
0*78 

1*89 
2*08 
1*72 

0*484 
0-852 
0*269 

1*718 
1*727 
1*808 

Mean 

1-986 

1-482 

0*281 

0*172 

1*807 

0*078 

1*01 

1*90 

0*862 

1*618 

Sbcond  Sbason,  1877. 


tJiunanuxed 

Supeiphoephate    

Muced  Mineral  Manure  (*) 

Ammonium  Salts 

Nitrate  of  Soda     

Ammonium  Salts  and 
Mixed  Mineral  Manure 
Nitrate  of  Soda  and 
Mixed  Mineral  Manure 

Farmyard  Manure. . . 
Farmyard  Manure  and   ) 
Siqwiphoephate  ) 

Farmyard  Manure,  ) 
Superphosphate,  and  > 
NiteateofSoda  ) 


Mfwn 


«  •  a  •  •  I 


1*152 
1-644 
1-648 

1*288 
1*866 
1-798 

0*258 
0-181 
0171 

0*126 
0-189 
0-108 

1-74 
1*25 
104 

0*75 
0*40 
0-19 

1*065 

1-172 
1*166 

0*802 
0-205 

0*170 
0164 

104 

0*82 
0*62 

1*720 

1*708 

0*279 

0*148 

0*67 

0-62 

1-658 

1*612 

0*279 

0-148 

1*05 

0*42 

1*508 

1*678 

0-199 

0*107 

1*82 

0*47 

1-620 

1*419 

0*209 

0006 

0-88 

0*84 

1*486 

1*486 

0*288 

0*158 

1*26 

0*89 

1-488  j 

1*611 

0*282 

0-185 

118 

0-49 

1 

t 

1-786  (0*851) 

0-586 
0*882 
0*900 

1*861 
1-524 
2*011 

0*868 
1*168 

1-168 
1-881 

1 

0*824 

1*112 

1*808   0*580 

1 

0*996 

1*268 

0*681 

1*448 

0*678 

1*221 

0*912 

1*217 

1*880 

0*446 

0*848 

1-870 

Thibd  Ssabok,  1878. 


Supenhosphate 

Mixed  Mineral  Manure  (*) 

0*997 
1-821 
1-847 

0*972 
1*154 
1*288 

0*206 
0*164 
0-148 

0*100 
0*088 
0*069 

8*84 
2*77 
2-62 

0*84 
0*67 
0*56 

8*571 
8-002 
8*774 

1*028 
1*408 
1*407 

Nitrate  of  Soda     

Ammnminm     (WKa   uid     i 

Mixed  Mineral  Manure 
Nitrate  of    Soda    and  ) 
Tifiir*^  Mineral  Manure  f 

0*821 
0*696 

1-188 
0*806 

0*848 
0*767 

1*160 
1*218 

0*290 
0-819 

0-198 
0-211 

0-146 
0*184 

0*074 
0007 

3-67 
2*87 

2*03 
2*14 

0*08 
0*60 

0*83 
0*86 

4-666 
8*788 

8*126 
8*206 

2*016 
2*208 

1*462 
2*886 

Farmyard  Manure 

Fam^wrd  Manure  and 
Superphos^iate               ) 
Farmyard  Manure,         ) 
Superphosphate,  and 
Nibate  oTSoda 

1*100 
1*182 

1*002 

1*066 
1*088 

1*088 

0*170 
0*171 

0*260 

lost. 
0*076 

0*124 

2*48 
2*46 

2-67 

0-45 
0-65 

0*60 

8*497 
(8*164) 

8*704 

1*877 
lost. 

1*407 

Mean 

1*060 

1*069 

0*218 

0*100 

2-60 

0*66 

8*686 

1*766 

(*)  Sulphates  of  Potash,  Soda,  and  Magnwiti,  and  Sopeiphoephate. 


F 


40  tlESULTS  OF  EXPERIMENTS  At  ROTHAMSTED, 

that  of  the  white  portion  of  the  diseased  Potatoes  of  1*13  per  cent. 
And,  again,  in  1878,  there  was  in  the  juice  of  the  good  tubers  an 
average  of  1*41  against  2*69  per  cent  in  the  juice  of  the  white 
portion  of  the  diseased  tubers. 

The  next  point  to  observe  is,  that  the  sugar  is  always  very  much 
less  in  the  juice  of  the  dark  portion,  that  is  after  the  growth  of  the 
fungus ;  and,  in  the  few  cases  in  which  the  total  sugar  was  determined, 
the  reduction  in  the  amounts  of  it  in  the  juice  of  the  dark  portion  is 
very  marked  ;  in  1877  from  1-839  to  0*445,  and  in  1878  from  3*635  to 
1-706  per  cent. 

The  evidence  clearly  points  to  the  conclusion  that  in  the  incipient 
stages  of  the  disease  starch  is  destroyed  and  sugar  formed.  This  may 
either  serve  directly  as  nutriment  to  the  fungus,  in  the  growth  of  which 
carbonic  acid  is  evolved ;  or  the  sugar  may  itself  be  decomposed, 
evolving  carbonic  acid  and  other  products,  and  hence  the  loss  of  non- 
nitrogenous  organic  substance. 

If  we  now  turn  to  the  composition  of  the  marc  of  the  white  and 
of  the  dark  portions,  as  shown  in  the  results  relating  to  1876  and  1877, 
it  is  seen  that,  in  every  case,  there  is  a  very  much  higher  percentage  of 
mineral  matter  in  the  dry  substance  of  the  dark  portion,  showing  that 
it  had  been  appropriated  by  the  fungus,  of  which  the  dark  matter 
chiefly  consists. 

As  already  said,  the  results  show,  in  every  case,  very  much  less 
nitrogen  in  the  juice  of  the  dark  than  in  that  of  the  white  portion, 
the  conclusion  being  that  the  fungus  had  appropriated  it  in  its  growth. 

Thus,  in  1876,  the  average  percentage  of  nitrogen  was,  in  the  juice 
of  the  white  portion  0*281,  and  in  that  of  the  dark  portion  0*172  ;  in 
1877,  it  was  in  that  of  the  white  portion  0*232,  and  in  that  of  the  dark 
portion  only  0'135 ;  and  in  1878,  the  average  percentage  was  in  the 
juice  of  the  white  portion  0*213,  and  in  that  of  the  dark  portion 
only  0*10  per  cent. 

The  more  complete  results,  but  for  the  three  plots  only,  in  1876, 
conclusively  show  that  the  nitrogen  lost  by  the  juice  had  been  so 
appropriated  in  the  growth  of  the  fungus.  The  figures  show,  in  the 
first  place,  that  there  is  an  average  of  1*986  per  cent,  of  mineral  matter 
in  the  juice  of  the  white,  and  of  only  1  432  per  cent,  in  that  of  the 
dark  portions,  or  very  much  less  in  the  juice  of  the  dark  part ;  that  is 
after  the  withdrawal  for  the  growth  of  the  fungus.  Next  as  to  the 
nitrogen  in  the  juice  : — there  is  an  average  of  0*281  per  cent  in  that  of 
the  white  or  incipiently  diseased  portion,  and  of  only  0*172  per  cent, 
in  that  of  the  dark  or  more  completely  diseased — that  is,  much  less 
after  the  growth  of  the  fungus.  Lastly,  as  to  the  juice : — the  percentage 
of  sugar  as  indicated  by  the  polariscope  is  1*307  in  that  of  the  white, 
and  only  0*078  per  cent,  in  that  of  the  dark  part. 

That  the  less  amount  of  both  mineral  matter  and  nitrogen  in  the 
juice  of  the  dark  portion  is  due  to  their  having  been  taken  up  in  the 
growth  of  the  fungus  is  still  more  directly  and  conclusively  shown  by 
the  results  relating  to  the  soUd  residue,  or  marc,  remaining  after  the 


ON  THE  GROWTH  OF  POTATOES.  41 

expression  of  the  juice — ^the  solid  residue  of  the  dark  part  consisting 
largely  of  the  fungns  itself. 

Thus,  whilst  the  average  percentage  of  mineral  matter  in  the  marc 
of  the  white  portion  is  only  1*01,  or  not  very  different  from  that  in 
the  dry  substance  of  the  sound  tuber,  the  percentage  in  the  marc  of 
the  dark  portion  is  1*90  or  nearly  double;  and,  again,  whUst  the 
percentage  of  nitrogen  in  the  dry  solid  matter  of  the  white  portion  is 
only  0*352,  in  that  of  the  dark  portion  it  is  1*613,  or  several  times 
more.  It  is  thus  clearly  shown,  therefore,  that  the  nitrogen  lost  by 
the  juice  has  been  appropriated  in  the  growth  of  the  fungus. 

To  sum  up  the  evidence  as  to  the  changes  suffered  by  the  tuber 
under  the  influence  of  the  disease,  it  would  seem  that  the  first  material 
change  is  the  destruction  of  starch,  and  the  formation  of  sugar, 
apparently  partly  cane  sugar  and  partly  glucose.  There  is  a  consider- 
able loss  of  organic,  and  chiefly  non-nitrogenous,  substance.  This  may 
be  due  in  part  to  the  decomposition  of  the  produced  sugar,  and  the 
evolution  of  carbonic  acid  and  other  product&  But,  it  is,  perhaps, 
mainly  due  to  the  evolution  of  carbonic  acid,  as  a  coincident  of  the 
growth  of  the  fungus  deriving  its  nutriment  from  ready-formed  organic 
substance ;  this  being  a  characteristic  action  in  the  growth  of  these 
non-chlorophyllous  plants. 

Finally,  as  the  disease  progresses,  a  very  large  proportion  of  both 
the  mineral  matter  and  the  nitrogenous  substance  of  the  tuber  is 
accumulated  in  the  fungus.  This  is  more  especially  the  case  in  regard 
to  the  nitrogen,  and  in  this  fact  we  have  doubtless  some  explanation  of 
the  further  fact  to  which  I  have  prominently  called  attention — 
namely,  that  the  disease  develops  much  more  in  tubers  grown  by  highly 
nitrogenous  manures,  and  having  a  highly  nitrogenous  juice,  than  in 
those  grown  under  contrary  conditions. 

I  have  thus  directed  attention  to  the  facts  which  the  investigation  has 
brought  to  light,  as  to  the  conditions,  both  of  season  and  manuring, 
under  which  tne  disease  is  more  or  less  developed,  and  also  those  as  to 
the  changes  which  take  place  in  the  composition  of  the  tubers  under 
the  influence  of  the  disease.  It  will,  perhaps,  be  thought  that  I  have 
stopped  short  of  the  point  of  most  practical  interest — namely,  the 
suggestion  of  means  of  prevention  of  the  disease.  I  do  not  propose  to 
offer  any  specific  recommendations  on  this  point.  At  the  same  time,  I 
think  it  will  be  granted,  that  any  contribution  to  a  clearer  understanding 
of  the  conditions,  and  of  the  result,  must  lead  to  a  better  understanding 
of  the  cause,  and  that  this,  in  its  turn,  is  at  any  rate  an  essentuQ 
step  towards  means  of  mitigation  or  prevention. 

SUMMARY. 

I  have  now  discussed,  in  considerable  detail,  the  conditions,  both 
of  season  and  manuring,  upon  which  the  successful  growth  of  the 
Potato  depends,  and  the  results  may  be  very  briefly  summarised  as 
follows.      Although  of  course  requiring  a  full  available  supply  of 
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the  mineral  constituents  within  the  soil,  it  has  been  seen  that, 
these  conditions  being  provided,  the  amount  of  prodace  is  largely 
dependent  on  the  available  supply  of  nitrogen  within  the  soiL  In 
practice  farm-yard  manure  is  mainly  relied  upon.  It  is  used  in  very 
large  quantities  per  acre,  and  is  sometimes  supplemented  by  liber^ 
dressings  of  artificial  manures,  both  mineral  and  nitrogenou&  The  crop 
removes,  however,  a  less  proportion  of  the  nitrogen  of  farm-yard  manure 
than  any  other  &rm  crop.  It  was  seen  that  the  most  characteristic 
result  of  the  increased  growth  under  the  influence  of  nitrogenous 
manures,  was  an  increased  production  of  the  non-nitrogenous  con- 
stituent— Btardk  It  was  shown,  however,  that  for  1  of  nitrogen 
supplied  in  manure,  the  increased  amount  of  starch  obtained  in 
the  Potato  was  less  than  the  increased  amount  of  sugar  obtained  in  the 
Mangel  Wurzel,  and  much  less  than  that  yielded  in  sugar-beet  It  was 
further  shown  that  although  a  larger  proportion  of  the  total  nitrogen  of 
the  Potato  is  in  the  albuminoid  condition  than  in  the  case  of  root^rops, 
yet  from  four-fifths  to  five-sixths,  or  even  more,  of  the  total  nitrogen, 
and  from  two-thirds  to  three-fourths,  or  more,  of  the  total  albuminoids, 
of  the  tuber,  may  exist  in  the  soluble  condition  in  the  juice ;  and  it  is 
obvious  that  in  the  usual  mode  of  cooking  the  Potato  for  the  table, 
most  of  this  is  lost  as  food. 

Next  it  was  shown  that  the  disease,  though  largely  dependent  on 
season,  developed  much  more  in  tubers  grown  by  highly  nitrogenous 
manures,  and  containing  a  juice  rich  in  nitrogen,  than  under  contrary 
conditions.  Finally,  it  has  been  shown  that  a  result  of  the  disease  is  a 
destruction  of  starch,  the  formation  of  sugar,  the  loss  of  organic 
substance,  and  the  growth  of  the  fungus  at  the  expense  of  the 
substance  of  the  tuber. 
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I  propose,  in  conclusion,  to  call  attention  to  such  information  as  is 
available,  as  to  the  area  devoted  to  the  Potato,  and  the  amount  of  the 
crop  obtained,  in  the  different  divisions  of  the  United  Kingdom,  and  in 
a  number  of  Foreign  Countries. 

Table  XIII.  (p.  43)  gives  the  estimates,  according  to  the 
'*  Agricultural  Betums,"  of  the  area  under  the  crop,  the  aggregate 
produce,  and  the  average  produce  per  acre,  in  1884,  1885,  1886,  and 
1887,  and  the  mean  for  the  four  years,  for  England  and  Wales,  for 
Scotland,  and  for  Ireland  ;  also  for  Great  Britain  as  a  whole,  and  for 
the  United  Kingdom  as  a  whole. 

The  figures  show,  that  the  area  under  the  crop  averaged  over  the 
lour  years,  in  England  and  Wales  nearly  404,000  acres,  and  in  Scotland 
abont  153,000  acres,  or  not  mnch  less  than  two-fifths  the  area  of 
England  and  Wales  together.  Over  the  same  period,  the  average 
aggr^ate  produce  per  annum  was,  in  England  and  Wales  rather  over 
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2i  million  ions,  and  in  Scotland  about  900,000  tons ;  or  rather  more 
than  one-third  as  much  as  England  and  Wales,  and  over  one-fonrth  of 
the  total  of  Great  Britain.  It  is  farther  seen  that,  in  Great  Britain  as 
a  whole,  the  average  area  under  the  crop  is  about  557,000  acres,  and 
the  average  aggregate  produce  rather  more  than  3,400,000  tons. 


TABLE  xm. 

POTATOES. 
Area  under  the  crop,  aggregate  produoe,  and  produce  per  acre,  in  the  United  Kingdom. 

Four  seasons,  1884  to  1887  induslTe. 


Abba  uitdbb  thb  Cbop. 


England 

Wales      

Acres. 
{      401,201  1 
163,847 

Acres. 
860,026 
40,711 
148,994 

Acres. 
868,782 
40,499 
149,680 

Acres. 
869,248 
40,670 
149,889 

Acres. 
1      406,768 
168,090 

Oreat  Britain 
Ireland   ...       

666,048 
798,962 

648,781 
797,292 

663,961 
799,847 

660,662 
796,989 

666,848 
796,268 

United  Kingdom... 

1,864,000 

1,846,028 

1,868,806     1      1,866,691 

1,866,106 

ESTIKATBD  AoOBBOATB  PsODnCB. 


Scotland ...        

Tons. 
{   2,766,896  | 
9B6,o0o 

Tons. 
2,182,712 
212,269 
803,628 

Tons. 
2,111,862 
214,791 
841,110 

Tons. 
2|800,888 
282,268 
962,288 

1        Tons. 
}   2,616,169 
908,482 

Great  Britain 
Ireland 

8,743,208 
8,040,862 

8,198,604 
8,176,788 

8,167,768 
2,667,724 

3,664,894 
8,669,402 

8,418,601 
3,113,804 

United  Kingdom... 

6,783,666 

6,874,242 

6,886,487 

.     7434,296 

6,681,896 

ESTIMATBD  AyBBAOB  TiBLD  PBB  AcBB. 


England 

} 

Tons. 
6-87       1 
6-02 

Tons. 
606 
6-21 
6-30 

Tons. 
6-81 
6-80 
6-62 

Tons. 
6-28 
6*96 
6-66 

Tons. 
1       6*28 
6*90 

Great  Britain 
Ireland 

6-62 
8-81 

6-88 
8*96 

6-72 
3*84 

6-87 
4*48 

6-14 
8-90 

United  Kingdom... 

4-97 

4-74 

4*81 

6-26 

4-82 

Ireland  is  seen  to  have  an  average  area  of  nearly  800,000  acres 
under  the  crop,  or  not  far  from  one-and-a-half  time  as  much  as  Great 
Britain  ;  whilst  its  aggregate  produce  is  notably  less  than  that  of  Great 
Britain. 

The  aggregate  area  under  Potatoes  in  the  United  Kingdom  is  rather 
over  1^  million  acres,  and  the  aggregate  produce  is  rather  more  than  6^ 
million  tons  of  tubers. 

Turning  now  to  the  average  prodace  per  acre,  the  lower  division  of 
the  table  shows,  that  England  and  Wales  together  are  estimated  to 
yield  about  6^  tons ;  Wales  apparently  yielding  rather  less  than 
£}ngland.    The  average  yield  of  Scotland  is  rather  less  than  6  tons  per 
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acre.  These  together  give  abont  6^  tons  as  the  arerage  yield  of  tabov 
per  acre  per  annniD  in  Great  Britain. 

For  Ireland  the  estimates  show  an  average  yield  per  acre  of  less 
than  4  tons,  against  more  than  6  tons  in  Great  Britain.  It  may  be 
mentioned  thai  the  yield  per  acre  given  for  Ireland,  where  the  Potato 
is  still  of  great  importance  as  a  supply  of  food  for  the  people,  is  leas 
than  twice  as  much  as  was  obtained  at  Bothamsted,  over  twelve  years 
in  succession  on  the  same  land,  withont  any  manure ;  it  is  scarcely  more 
than  was  obtained  by  mineral  manure  alone;  and  considerably  less 
than  two-thirds  as  much  as  was  yielded  by  mineral  and  nitrogenous 
manures  together.  It  is  clear,  therefore,  that  the  condition  of  the  land, 
the  cultivation,  and  the  treatment  of  the  crop,  are,  in  Ireland,  much 
inferior  to  those  in  the  rest  of  the  United  Kingdom. 

Table  XIY.  (below)  gives  similar  particulars  for  13  foreign 
countries,  arranged  in  the  order  of  their  highest  average  produce  per 
acre.  Wherever  the  records  were  available,  the  averages  for  five  recent 
years  are  given  ;  and  in  other  cases  the  best  data  at  command  have  been 
taken.  In  all  cases,  however,  the  Table  shows  for  what  years  the 
averages  are  calculated. 

TABLE  xiv. 

POTATOES. 

Axea  under  tlie  Crop,  Aggregate  Prodnoe,  and  Flrodace  per  acre,  in  different 


I  Ai 
Aggregate  pel 

produce.         per  acre. 


Morvay       .. 
Belgiiim 

Italy  .. 

Aostnla/iia  .. 

Gennany 

Sweden 

Bawia  in  Europe 

P^iance 

Austria 

Hnngarr 

Denmanc 

United  States 


1886,  '70.  »75 

1878-*83 
1880-'84 
1876-'80 
1880-'84 
1882-'86 
1881-'85 
1883-*87 
1880-*84 
1881-'85 
1882-*86 
1881-*87 
1881-*86 


Acree. 

80,417 

492,412 

860,284 

169,210 

97,877 

7,119,291 

381,616 

8,172,936 

8,821,830 

2,670,082 

1,006,147 

110306 

2,197377 


(•) 


(I) 


a) 


Tons. 

%tJQB,3B93 

2,794,497 

1,434,866 

693,042 

870,649 

28,633,011 

1,224,646 

6,718,187 

9,299,499 

7,102,672 

2,618321 

816,647 

4,139318 


(^) 


I 


+ 

\  < 


Tons. 

6-01 

4-64 

4-09 
4-09 
S-81 
8*81 
3-21 

r«s  CO 

2-80 
2-76 
2-62 
2-69  (I) 
1-87 


(*)  1880  only.  (t)  Beoorded  in  bushels,  reduced  to  tons,  ret^oning  66  lbs.  per  bushel. 

(t)  ATBsage  of  seven  years,  1880-'86.        ())  1881  only.       (.•}  1872  on^. 

A  glance  at  the  Table  shows  that,  as  a  rule,  it  is  the  countries  of 
small  area  under  the  crop,  and  generally  those  of  small  total  area,  that 
stand  at  the  head  of  the  list,  and  show  the  highest  yield  per  acre.  Of 
these,  Norway  stands  first,  with  an  average  of  about  6  tons  per  acre,  or 
rather  less  than  Great  Britain.  Belgium  comes  next  with  an  average  of 
little  more  than  4^  tons,  or  about  three-fourths  as  much  as  Great 
Britain.  Then  come  Holland  and  Italy,  with  little  over  4  tons  per 
acre,  or  scarcely  two-thirds  as  much  as  Great  Britain. 

Turning  now  to  some  of  the  larger  countries,  with  larger  areas 
under  the  crop,  it  is  seen  that  Germany,  where  the  Potato  is  much 
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grown  as  an  indostrial  crop,  has  an  area  deyoted  to  it  about  thirteen 
times  as  large  as  in  Great  Britain,  and  yields  about  seven  times  the 
aggregate  crop.  But  its  average  yield  per  acre  is  only  8*31  tons,  or 
little  more  than  half  as  much  as  that  of  Great  Britain. 

Then  there  is  France,  which,  compared  with  Great  Britain,  has 
about  six  times  the  area  under  the  crop,  but  yields  less  than  three  times 
as  much  aggregate  produce,  and  gives  considerably  less  than  3  tons 
per  acre ;  that  is,  less  than  half  as  much  per  acre,  as  Great  Britain, 
and  even  considerably  less  than  Ireland. 

Enssia  in  Europe,  again,  according  to  the  data^  which  are,  however, 
incomplete  and  discordant,  has,  compared  with  Great  Britain,  nearly 
six  times  the  aggregate  area  under  the  crop,  but  yields  scarcely  twice 
the  aggregate  produce;  and,  like  France,  yields  less  than  3  tons  per 
acre ;  that  is  less  than  half  as  much  as  Great  Britain. 

Lastly,  the  United  States,  with  nearly  four  times  the  area  under  the 
crop,  but  only  about  1^  time  as  much  aggregate  produce  as  Great 
Britain,  yields  an  average  of  less  than  2  tons  per  acre,  or  less  than  one- 
third  as  much  as  Great  Britain. 

Here,  then,  of  13  countries  where  the  Potato  is  largely  grown,  their 
aggregate  area  under  the  crop  being  about  21  million  acres,  and  their 
aggregate  produce  about  61  million  tons,  there  is  not  one  that  reaches 
the  average  produce,  per  acre,  of  Great  Britain.  Norway,  Belgium, 
and  Holland,  the  most  nearly  approach  our  yield ;  and  it  is  of  interest 
to  observe  that  these,  and  Denmark,  are  the  countries  that  most  nearly 
approach  the  United  Kingdom  in  yield  per  acre  of  wheat  and  barley 
also. 

It  is,  then,  only  the  countries  of  small  total  area,  and  of  small  area 
under  the  crop,  that  at  all  nearly  equal  us  in  yield  per  acre  ;  and 
among  them,  Belgium  and  Holland,  the  second  and  third  on  the  entire 
list,  more  nearly  approach  us  than  any  other,  in  density  of  populatiion^ 
and  in  the  amount  of  Iwe-etock  kq>t  per  aerey  and  consequently  in  the 
supply  of  manure.  Both  these  countries,  too,  have  good  home  markets, 
besides  their  exports  of  agricultural  produce. 

It  will  be  said,  perhaps,  that  the  better  yield  of  potatoes  per  acre 
in  Belgium  than  in  most  of  the  other  countries,  is  due  to  the  prevalence 
of  peasant  proprietors  and  small  holdings ;  but,  if  this  be  so,  how  is  it 
that  it  still  yields  only  about  three-fourths  as  much  as  Great  Britain  ? 
-Then,  again,  Germany  yields  per  acre,  little  more  than  half  as  much 
potatoes,  and  only  about  two-thirds  as  much  of  either  wheat  or 
barley — and  France  less  than  half  as  much  potatoes,  and  less  than 
three-fiftha  as  much  wheat  or  barley — as  Great  Britain. 
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Introchiction. 

The  history  of  a  field  laid  down  to  permanent  grass  nearly 
thirty  years  ago,  which  has  been  mown  for  hay  every  year  from 
•the  commencement,  and  of  which  the  particulars,  both  of  the 
manures  applied  and  of  the  produce  removed,  have  been  recorded 
for  the  last  twenty-three  years,  cannot  fail  to  be  of  interest ; 
especially  at  the  present  time,  when  the  subject  of  permanent 
.^rass  is  receiving  so  much  attention. 

The  land  in  question  forms  part  of  the  Bothamsted  Estate, 

.and  it  had  previously  been  under  arable  culture.    In  1856  about 

two  acres  were  fenced  ofi*,  and  let  to  Dr.  Gilbert,  who  wished 

to  have  some  grass-land  near  his  house.     The  soil  is  very  similar 

to  much  of  that  of  Rothamsted  and  the  neighbourhood;  the 

surface  being  a  heavy  loam,  with  a  few  feet  of  reddish-yellow 

-clay  subsoil  mixed  with  flint  stoues,  and  chalk  below.     In  some 

parts  of  the  parish  the  subsoil  flints  are  so  abundant  that  they 

.are  sifted  out  and  sold  in  large  quantities  for  road-making,  &c. 

It  is  probable  that  Dr.  Gilbert's  field  has  a  more  gravelly  subsoil 

than  the  portions  of  the  farm  at  a  higher  level,  and  that  it  is, 

4;herefore,  somewhat  less  suitable  for  permanent  pasture.     He 

^decided  to  sell  hay  every  year;  and,  as  he  kept  no  stock,  he  de- 

j)ended  entirely  upon  purchased  manures. 
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In  1856  barley,  and  grass  seeds  costing  32^.  per  acre,  were- 
sown.     The  standing  crop  of  barley  was  sold  by  auction  for- 
bl.  \0s.  per  acre ;  but  the  grass  seeds  failed.     Barley,  and  grass- 
seeds  to  the  same  value,  were  again  sown  in  1857.     The  barley 
was  sold  by  auction  for  hi.  VJs.  6d.  per  acre ;  but  the  grass  seeds - 
again  failed.     Red  clover  was  sown  in  1858.  It  yielded  a  small 
crop  that  year,  which  was  made  into  hay  and  sold  for  42.  5^., 
equal  to  21.  28.  6d.  per  acre ;  and  in  1859  the  gro¥dng  crop  of' 
clover  was  sold  for  61.  per  acre. 

After  the  removal  of  the  clover,  grass  seeds  were  again  sown, 
and  this  time  succeeded.     In  1860  and  1861  artificiaJ  manures 
only  were  applied.     It  was  found  that  under  this  treatment- 
leguminous  herbage  was  very  scanty ;  and  in  1862  some  alsike- 
and  Dutch  clover  were  sown,  and  a  heavy  dressing  of  dung,  at 
the  rate  of  11  tons  17  cwts.  per  acre,  was  applied,  with  a  little- 
superphosphate  and  nitrate  of  soda  in  addition.     In  1863  dung 
was  again  applied,  at  the  rate  of  4  tons  13  cwts.  per  acre ;  but 
in  1864  and  1865  artificial  manures  only,  consisting  of  super- 
phosphate, nitrate  of  soda,  and  a  little  sulphate  of  potash,  were- 
used. 

The  Economical  ResuUs. 

From  this  time  more  attention  was  paid  to  the  field.     The- 
object  was  to  endeavour  to  maintain  the  character  of  the  herbage, 
and  at  the  same  time  to  obtain  as  large  crops  of  hay  as  was  con- 
sistent with  the  maintenance  of  this  condition.     It  was  sought 
to  maintain  the  quality  by  means  of  dung,  and  to  secure  fbll 
quantity  by  the  use  of  artificial  manures  in  addition,  which  con- 
sisted of  superphosphate,  and  sulphate  of  potash,  with  guano,  or- 
nitrate  of  soda,  or  both,  as  nitrogenous  manure.     After  the  first 
few  years  the  general  plan  adopted  was  to  apply  two  or  some^ 
times  three  trucks  of  London  dung  every  other  year,  but  occa- 
sionally it  was  applied  only  every  third  year ;  artificial  manures- 
were,  however,  with  one  or  two  exceptions,  applied  every  year. 

The  following  Table  (I.)  shows  the  amounts  of  dung  and  of 
the  different  artificial  manures  applied,  also  the  amounts  of  hay 
removed,  per  acre,  in  each  of  the  23  years  1866-1888  inclu- 
sive ;  and  the  summary  at  the  bottom  gives  the  average  amounts 
per  acre  per  annum,  both  of  manure  applied  and  of  liay  sold,, 
over  the  first  8  years  1866-1873,  the  second  8  years  1874- 
1881,  and  the  third  period  of  7  years  1 882-1888 ;  also  the  average 
over  the  whole  period  of  23  years. 

Referring  here  to  the  average  results  only,  the  figures  in  the- 
bottom  division  of  the  Table  show,  that  the  amount  of  dung- 
applied  averaged  2  tons  10  cwts.  per  acre  per  annum  over  th& 
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Table  I. — ^Manubes  appubd  and  Hay  bemoyed  peb  Acbe 

FEB  Annum. 


Manures  applied 

Prodaco 
of  hay 

'    Tett 

Ihmg 

8Qper- 

Sulphate 

Guano 

Nitrate 

phoepbate 

of  potash 

of  soda 

tonscwto. 

IbB. 

lbs. 

lbs. 

lbs. 

tons  cwta. 

1866 

— 

64 

64 

64 

64 

1  lOJ 

1867 

«* 

64 

64 

64 

64 

1     6? 

, 

1868 

6  12 

— 

~^ 

128 

128 

1     1 

■ 

1869 

.I^M 

— 

— 

201 

1  16l 

1870 

6    4 

— 

— 

134 

0  111 

1871 

^^ 

.^ 

— 

67 

67 

1  13| 

1872 

^^^ 

67 

— 

— 

134 

1  18| 

1873 

7    4 

— 

— 

1     4 

\ 

1874 

-— 

201 

67 

— 

134 

1  13i 

1875 

6  18 

184 

— 

— 

134 

1  11 

1876 

— _ 

101 

101 

— 

168 

114f 

1877 

8  11 

67 

67 

— 

134 

2     1 

1878 

^— 

101 

84 » 

— 

168 

1  io| 

1879 

7    1 

67 

67 

— 

101 

2    9* 

1880 

.M 

67 

67 

67 

67 

1    H 

1881 

7  14 

67 

67 

~~" 

134 

1     0 

1882 

___ 

67 

67 

— 

134 

2  Hi 

1883 

8    8 

67 

67 

— 

67 

2    2k 

1^4 
1885 

9    6 

67 
67 

67 
67 

^^^ 

67 
67 

2    0^ 
2l4 

1886 

» 

67 

67 

— 

67 

2    6,^ 
1  13 

116; 

1887 

10  8 

— 

— 

— 

— 

1888 

67 

6T 

— — 

67 

Summary—. 

Averages. 

8  years  1866-1873 
8  years  1874-1881 
7  years  1882-1888 

2  10 

3  16 

4  0 

24 

101 

57 

16 
65 
57 

66 
8 
0 

26 

74 

130 

67 

1     8 

1  13J 

2  3j^ 

23  years  1866-1888 

3    8 

61 

46 

91 

1  143 

first  8  years,  3  tons  16  cwts.  over  the  second  8,  4  tons  over  the 
last  7  years,  and  3  tons  8  cwts.  over  the  23  years.  That  is  to 
say,  there  was  a  gradual  increase  in  the  amount  of  dung  applied. 
Of  artificial  manures  there  was  an  increase,  both  of  the  mineral 
and  of  the  nitrogenous,  over  the  second  period  compared  with 
the  first ;  but  there  was  again  a  reduction  over  the  third  period. 
It  was  found  that,  under  the  condition  provided  by  the  dung, 
aided  by  the  artificial  mineral  manures,  the  application  of  as 
much  as  1  cwt.  of  nitrate  of  soda  per  acre  per  annum  was  liable 
to  give  a  too  stenmiy,  and  almost  exclusively  grassy  herbage. 
.  —  ■   ■■  ■  ' 

*  336  lbs.  of  kainit  were  applied,  reckoned  to  contain  about  84  lbs.  sulphate 
of  potash ;  and  it  would  also  supply  sulphate  of  magnesia,  and  chlorides  of 
magnesium  and  sodium. 
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Hence  the  quantity  was  reduced,  until  it  is  now  found  that,  with 
the  amount  of  dung  and  of  artificial  mineral  manures  used, 
about  two-thirds  of  a  cwt.  of  nitrate  of  soda  per  acre  per  annum 
is  sufficient  to  yield  as  full  a  crop  as  can  be  obtained  without 
reducing  the  bottom  herbage,  and  therefore  the  quality  of  the  hay. 
It  is  Seen  that,  under  tiie  above  conditions  as  to  manuring, 
the  amount  of  crop  has  increased  fix)m  an  average  of  1  ton 
8  cwts.  per  acre  per  annum  over  the  first  8  years,  to  nearly 
1  ton  14  cwts.  over  the  second  8  years,  and  to  nearly  2  tons 

4  cwts.  over  the  third  period  of  7  years ;  the  average  over  the 
23  years  being  1  ton  14f  cwts.  of  hay  per  acre  per  annum. 

It  is  obvious,  therefore,  that  the  condition  of  the  land  has 
gradually  improved.  It  may  be  added  that,  in  1888,  in  cons^ 
quence  of  the  luxuriant  second  growth,  a  second  crop  was,  for 
the  first  time,  taken.  It  amounted  to  1  ton  4^  cwts.  per  acre, 
and  the  first  and  second  crops  together  amounted  to  3  tons 
1  cwt.  Purchased  dung,  at  the  rate  of  9  tons  per  acre,  has, 
however,  since  been  applied.  The  amount  of  the  second  crop  is 
not  included  in  the  record  of  produce  given  in  Table  I.,  which 
relates  to  first  crops  only. 

Table  II. — ^Balance  Sheet. 

Average  ^er  acre  per  annunit  23  pears,  1866-1888. 

5  tons  8  cwts.  purchased  duog,  including  carriage,  cartage,  and 
spreading,  at  7«.  6d.  per  ton 15    6 

CI  lbs.  superphosphate,  at  6s,  per  cwt 0    2    9 

40  lbs.  sulphate  of  potash,  at  16s,  per  cwt.  .        .        .        .        .062 

*JG  lbs.  guano,  at  lis.  per  cwt 0    2    6 

91  lbs.  nitrate  of  soda,  at  16«.  per  cwt 0  13    0 

Total  for  manures 2    9  11 

Rent  (as  arable),  tithe,  and  rates 1  10    0 

Harrowing,  rolling,  and  occasional  labour 0  10    0 

Total 4    9  II 

1  ton  14|  cwts.  of  hay  sold,  at  41,  per  ton 6  18    6 

Balance 2    8    7 

In  attempting  to  make  ont  a  balance-sheet  of  the  results,  it  is 
impossible^to  be  strictly  accurate,  owing  to  the  number  of  years 
over  which  the  operations  have  extended,  and  the  great  fluctua- 
tions which  have  taken  place  in  the  prices  both  of  the  manures 
used  and  of  the  produce  obtained  during  the  period.  As  to  the 
expenses  of  hay-making,  they  may  be  considered  as  set  against 
the  rent  obtained  for  feeding  the  after-graKS,  as  this  fully  or 
more  than  paid  the  cost.  Adopting  an  average  price  of  4Z.  per 
ton  for  the  hay,  of  7«.  6d.  per  ton  for  the  dung  spread  on  the 


Hie  History  of  a  Field  Tiewly  laid  down  to  Permanent  Grass.     7 

land,  which  is  as  nearly  as  possible  the  average  of  the  actual 
^cost,  and  taking  the  artificial  manures  at  about  the  average 
price  actually  paid,  which,  however,  is  higher  than  they  can  be 
purchased  for  at  the  present  time.  Table  II.  (page  6)  gives  the 
-estimated  outlay  and  money  return  per  acre  per  annum  over 
the  whole  period. 

It  is  obvious,  from  the  results  given  in  Tables  I.  and  II., 
that  a  good  permanent  grass  field  has  been  formed  from  this 
arable  soil,  not  only  without  loss,  but  with  some  profit.  Much 
of  the  success  is  doubtless  due  to  the  purchased  town  dung, 
•and  to  the  comparatively  little  cost  of  cartage,  owing  to  the 
proximity  to  the  railway  station,  which  is  only  about  half  a  mile 
distant. 


Constituents  supplied  in  the  Manures,  and  removed  in  the  Crops. 

It  will  be  desirable,  in  the  next  place,  to  endeavour  to  arrive 
at  an  estimate  of  the  amounts  of  some  of  the  more  important  con- 
stituentB  supplied  in  the  manures,  and  removed  in  the  crops. 

With  regard  to  the  composition  of  the  dung  applied,  we 
have  to  found  an  estimate  from  a  consideration  of  the  composi- 
tion of  ordinary  farmyard  manure,  and  of  the  difiFerence  in  the 
conditions  of  the  production  of  such  manure  and  of  that  obtained 
from  town  stables. 

In  our  estimates  of  the  average  composition  of  farmyard 
manure,  we  have  taken  into  consideration  the  results  of  actual 
analyses  made  by  Boussingault  and  by  the  late  Dr.  Voelcker ; 
and  we  have  also  calculated  the  composition  of  such  manure  on 
the  basis  of  the  quantity  of  straw  and  of  foods  which,  in  an 
ordinary  four-course  rotation,  with  some  import  of  cake,  will  go 
to  make  up  a  yard  of  dung.  The  estimate  so  arrived  at  is,  more- 
over, controlled  by  actual  analyses  of  good  box  dung,  made  in 
experiments  at  Wobum  many  years  ago. 

Of  purchased  town  dung,  however,  so  far  as  we  are  aware,  no 
analyses  have  been  made.  It  might  be  argued  that,  as  straw 
is  expensive,  town  manure  would  be  richer  in  excrementitious 
matters  than  farmyard  manure.  On  the  other  hand,  the  smaller 
quantity  of  straw  used  would  allow  more  of  the  liquid  manure 
to  pass  into  the  drains.  It  may  also  be  observed  that  maize, 
which  is  so  largely  used  as  horse  food  in  towns,  contains  less 
nitrogen,  and  less  phosphoric  acid  and  potash,  than  the  average 
of  the  cake  and  com  used  as  food  on  the  farm.  Further,  whilst 
the  greater  part  of  the  farmyard  manure  is  produced  by  animals 
which  live  in  the  sheds,  or  boxes,  or  yards,  and  deposit  the 
whole  of  their  excrements  there,  the  horses  in  towns  are  out  of 
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the  stable  for  some  hours  daily.  Upon  the  whole,  therefore^ 
there  does  not  seem  to  be  conclusive  ground  for  supposing  thaf> 
town  dung  is  very  much  richer  than  ordinary  farmyard  manure. 

So  far  as  the  nitrogen  is  concerned,  however,  the  estimates* 
given  below  are  based  on  the  same  percentage  as  we  assume  for 
farmyard  manure,  namely  0*64;  and  also  on  the  alternative 
assumption  of  0*80  per  cent.  In  reference  to  this  point  it  may 
be  added  that  the  average  of  determinations  made  at  Botham- 
sted,  in  eight  samples  of  box-dung  made  at  Wobum,  was  0*736 
per  cent. 

Table  III.  (opposite)  gives  approximate  estimates  of  the- 
amounts  of  nitrogeu,  phosphoric  acid,  and  potash,  in  the  manures 
applied^  and  in  the  crops  removed,  assuming  average  percentages 
of  those  constituents  in  the  manures  and  crops  as  follows : — 
Percentage  of  nitrogen :  in  the  dung  0*64  or  0*80,  in  the  guana 
12'0,  in  the  nitrate  of  soda  15*5,  and  in  the  hay  1*5.  Percentage 
of  phosphoric  acid :  in  the  dung  0*23,  in  the  superphosphate 
16*0,  in  the  guano  12*0,  and  in  the  hay  0*4.  Percentage  of 
potash:  in  the  dung  0*53,  in  the  sulphate  of  potash  50*0,  in  the 
guano  2*5,  and  in  the  hay  1*6. 

First  as  to  the  nitrogen : — It  is  seen  that,  even  adopting  the 
lower  percentage  of  nitrogen  in  the  dung,  the  calculations  show 
more  nitrogen  supplied  in  the  manures  than  removed  in  crops 
over  the  first,  the  second,  and  the  total  periods,  but  rather  less 
over  the  third  period.  The  details  show  that  the  amount  of 
nitrogen  supplied  in  the  dung  was  higher  in  each  succeeding^ 
period ;  but  that  supplied  in  artificial  manures  was  only  about 
half  as  much  over  the  third  as  over  either  of  the  preceding^ 
periods ;  whilst  the  amount  removed  in  the  crops  gradually  in* 
creased  from  47  lbs.  per  acre  per  annum  over  the  first  period, 
to  57  lbs.  over  the  second,  and  72*4  lbs.  over  the  third  period* 
Nevertheless,  as  already  said,  there  is,  over  the  total  period 
of  23  years,  an  excess  of  nitrogen  supplied  in  manure,  which, 
as  the  Table  shows,  amounted  to  an  average  of  7*9  lbs.  per  acre 
per  annum. 

Adopting  the  higher  percentage  of  nitrogen  in  the  dung*, 
however,  there  is  an  excess  supplied  in  manure,  compared  with 
that  taken  off  in  crops,  over  each  of  the  three  periods ;  and  the 
excess  amounted  to  an  average  of  about  20  lbs.  (20*1),  per  acre 
per  annum,  over  the  23  years. 

Next  as  to  the  phosphoric  a^iid: — The  estimates  show  an 
excess  supplied  in  the  manure  over  that  taken  off  in  crops,  over 
each  of  the  three  periods,  and  an  average  excess  of  14*9  lbs. 
per  acre  per  annum  over  the  23  years.  In  fact,  over  each 
individual  period,  and  the  total  period,  the  dung  alone  is  esti- 
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Table  III. — Nitrogen,  Phosphoric  Acid,  akd  Potash,  supplied 
IN  THE  Manures,  and  removed  in  the  Hat-crops. 

Quantities  per  Acre  per  Annum. 


Per  acre  per  annam 

Nitrogen 

1 

Phoephoric 
acid 

At(H)4 
per  cent, 
in  dang 

At  0-80 

per  cent. 
in  dang 

Potash 

8  yean,  1866-1873. 


In  dang 

In  SQperphosphate 

In  sulphate  of  potash 

In  guano 

In  nitrate  of  soda 

Total 

In  hay  removed 

More  (  +  ),  or  less  (  ~  ),  in  manure  than 
in  crops 


lbs. 
35-8 

7-9 
11-5 

Ibe. 
44-8 

7-9 
11-6 

lbs. 
12-9 
38 

7-9 

65-2 
47-1 

64-2 
47-1 

216 
12-6 

+  8-1 

+  17-1 

+  121 

lbs. 
29-7 

8-0 
1-6 


39-3 
50-2 


-10-9 


8  yenriy  1874-1881. 


541 


In  dang    

In  superphosphate 

In  sulphate  of  potash 

In  guano  

la  nitrate  of  soda 

Total 

In  hay  removed 

More  (  +  ),  or  less  (  — ),  in  manure  than 

in  crops ,   + 18*3 


19*4 
16-2 


1-0 
20-2 


76-3 

570 


7  yean,  1882-1888. 


In  dung    

In  superphosphate 

In  sulphate  of  potash 

In  g-uano 

In  nitrate  of  soda 

Total 

In  hay  removed 

More  (  +  ),  or  less  (  —  ),  in  manure  than 
in  crops 


57-6 


0 
10-4 


G8-0 
72-4 


4-4 


71-9 


0 

10-4 


82-3 
72-4 


+  9-9 


20  7 
91 

0 


29-8 
19-3 


+  10-5 


Total  period— 2Z  years,  186ft-1888. 


In  dung 

In  superphosphate 

In  sulphate  of  potash 

In  guano 

In  nitrate  of  soda 

Total 

In  hay  removed 

More  (  +  ),  or  less  (~  ),  in  manure  than 
in  crop«» ...» 


48-8 


31 
14-2 


661 
58-2 


+  7-9 


610 


31 
14-2 


78-3 
58-2 


+  20-1 


17-5 
9-8 

31 


30-4 
16*5 


4.14-9 


44*8 

32-5 
0-2 


77-6 

60-8 


+  16-7 


47-7 

28-5 
0 


76-2 
772 


-10 


40-4 

230 
0-7 


641 
621 


+  20 
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mated  to  sapply  more  phosphoric  acid  than  was  removed  in  the 
crops ;  and,  taking  the  dang  and  artificial  manures  together, 
there  was,  taking  the  average  of  the  whole  period,  nearly  twice 
as  mnch  supplied  in  manure  as  removed  in  the  crops. 

Lastly,  as  to  the  potash : — ^It  was  only  over  the  second  period, 
when  the  largest  amount  of  artificial  potash-manure  was  em- 
ployed, and  when  the  hay  crops  had  not  reached  their  maximum, 
that  the  calculations  show  an  excess  of  potash  supplied  in 
manure.  Over  the  first  period  there  was  a  considerable,  and 
over  the  third  period  there  was  a  slight,  deficiency  of  supply. 
It  is  further  of  interest  to  observe  that  over  neither  period  was 
the  dung  alone  estimated  to  supply  anything  like  the  amount 
of  potash  removed  in  the  crops ;  whilst  over  the  whole  period  it 
did  not  supply  two-thirds  as  much  as  was  removed  in  the  hay. 
Taking  the  whole  period  of  23  years,  there  is,  in  dung  and 
artificial  manures  together,  an  average  of  only  2  lbs.  more  potash 
supplied  per  acre  per  annum  than  was  taken  off  in  crops. 

The  calculations  show,  therefore,  that  the  manures  supplied 
considerably  more  nitrogen  and  phosphoric  acid,  but  only  about 
as  much  potash,  as  the  crops  removed. 

It  is  seen  that  the  estimates  for  the  whole  period  show  an 
average  of  58*2  lbs.  of  nitrogen,  15*5  lbs.  of  phosphoric  acid,  and 
62*1  lbs.  of  potash,  removed  in  the  crops,  per  acre  per  annum. 
On  this  point  it  may  be  stated  that  the  Kothamsted  experiments 
on  the  continuous  growth  of  grass  without  manure  have  shown 
that,  in  first  crops  of  hay  alone,  more  than  30  lbs.  of  nitrogen, 
and  nearly  30  lbs.  of  potash,  are,  on  the  average,  annually  re- 
moved in  the  crops  so  grown  for  many  years  in  succession  on 
the  Kothamsted  soil ;  and  it  is  to  be  supposed  that  something 
like  these  amounts  would  be  available  to  the  g^wing  grass 
crops  under  consideration. 

Upon  the  whole,  it  may  be  concluded  that,  under  the  con- 
ditions of  manuring  provided,  there  would  be  accumulation 
within  the  soil  both  of  nitrogen  and  phosphoric  acid,  though 
but  little,  if  any,  of  potash.  Indeed,  the  results  afford  a  forcible 
illustration  of  how  great  is  the  exhaustion  of  potash  when  hay 
is  sold,  and  how  important  it  is  that  there  should  be  adequate 
return  either  in  dung  or  in  artificial  manures. 

It  has  to  be  borne  in  mind,  however,  that  whilst  neither 
phosphoric  acid  nor  potash  is  subject  to  any  appreciable  or 
material  loss  by  drainage,  the  nitrogen  of  manures  is  subject  to 
such  loss.  In  the  case  of  artificial  nitrogenous  manures,  such 
as  ammonia-salts  and  nitrate  of  soda,  the  loss  may  sometimes 
be  very  considerable  when  they  are  applied  to  arable  land,  when 
there  is  no  crop  actively  growing,  and  in  wet  seasons  when 


Tlie  Histoi'^y  of  a  Field  newly  laid  down  to  Permanent  Qrass.   1 1 

there  is  much  drainage.  Under  similar  conditions,  there  may 
also  be  more  or  leps  loss  from  the  soluble  nitrogenous  portion  of 
dung.  It  is  probable,  however,  that,  in  the  case  of  the  mixed 
herl^ge  of  grass-land,  with  a  great  variety  of  plants,  having 
widely  different  root-ranges  and  habits  of  growth,  and  with  vege- 
tation going  on  to  a  greater  or  less  extent  almost  the  whole  year 
round,  there  will  be  much  less  loss  of  nitrogen  by  drainage,  even 
from  artificial  manures,  than  when  they  are  applied  to  arable 
land — especially  when  such  small  quantities  are  used,  and  at 
the  commencement  of  the  active  growth  of  the  season,  as  in  the 
case  now  under  consideration;  wUlst  it  may  be  doubted  whether 
there  will  generally  be  any  material  loss  of  nitrogen  by  drainage 
from  farmyard  manure  or  town  dung  applied  to  grass-land.  But 
when  dung  is  applied  in  excessive  quantities  to  arable  land,  or  to 
soil  which  becomes  water-logged  and  is  not  sufficiently  aerated, 
there  may  be  more  or  less  loss  by  the  evolution  of  free  nitrogen. 

Changes  within  the  Soil  in  the  Fo^ynation  of  the  Meadoiu. 

Before  discussing  the  experimental  results  obtained,  relating 
to  the  changes  which  have  taken  place  in  the  condition  of  the 
land  during  the  formation  of  this  particular  meadow,  it  will  be 
well  to  direct  attention,  in  general  terms,  to  the  main  distinctions 
between  the  soil  of  arable  land  and  that  of  permanent  grass. 

If  we  examine  arable  land  after  the  removal  of  a  grain  crop, 
we  find  that  the  amount  of  roots  left  in  the  soil  is  very  small. 
Thus,  in  a  case  in  which  a  large  crop  of  barley  had  been  grown, 
four  samples  of  soil  were  taken,  each  12  inches  square  and 
9  inches  deep,  and  from  each  the  roots  were  very  carefully  sepa- 
rated. The  calculation  of  the  results  showed  an  average  of  only 
536  lbs.  of  roots  per  acre  in  the  surface-soil  to  the  depth  of 
9  inches.  Of  above-ground  residue,  or  stubble,  there  was  on  the 
average  1,104  lbs.  per  acre.  The  nitrogen  in  the  stubble  and  in 
the  roots  of  the  surface-soil,  taken  together,  amounted  to  only 
about  8i  lbs.  per  acre.  Where,  in  tibe  same  field,  clover  had 
grown,  there  was,  on  the  other  hand,  iin  average  of  3,107  lbs.,  or 
nearly  1  ton  8  cwts.  of  roots  per  acre,  in  the  first  9  inches  of 
depth ;  and  there  was  2,669  lbs.,  or  nearly  1  ton  4  cwts.,  of  above- 
ground  residue ;  and  the  nitrogen  in  the  two  together  was  more 
than  90  lbs.  per  acre.  There  was,  besides,  a  greater  amount  of 
roots,  and  of  nitrogen  in  them,  in  the  second  and  third  9  inches 
than  in  the  case  of  the  barley-ground. 

When  land  is  laid  down  to  petnianent  grass  the  seeds  are 
more  frequently  sown  with  barley  than  with  any  other  crop ; 
and  after  a  certain  number  of  years,  greater  or  less  according  to 
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soil  and  treatment,  when  the  meadow  may  be  said  to  be  formed, 
it  is  found  that  the  soil  contains  very  much  more  vegetable 
matter — amounting,  in  fact,  to  many  thousands  of  pounds  per 
acre  in  the  first  9  inches  of  depth.  Thus,  in  the  case  of  some 
of  the  experimental  plots  of  tiie  old  grass-land  at  Rothamsted, 
samples  have  been  taken  to  the  depth  of  9  inches,  the  whole  of 
the  above-ground  growth  having  been  first  carefully  cut  off  by 
scissors,  and  the  vegetable  matter  remaining  in  the  soil  picked 
out  by  hand.  The  average  of  twenty-four  such  determinations 
indicated  16,601  lbs.  (nearly  7^  tons)  of  vegetable  matter  per 
acre;  and  in  one  case  th^  amount  was  24,548  lbs.,  or  nearly  11 
tons  per  acre.  The  nitrogen  in  this  residue  amounted,  on  the 
average  of  the  24  samples,  to  about  125  lbs.  per  acre,  and  in  the 
case  of  the  maximum  amount  of  residue,  to  about  180  lbs. 

Again,  the  nitrogen  in  the  first  9  inches  of  the  soil  of  the 
barley-land  above  referred  to,  after  the  roots  had  been  separated, 
amounted  to  0*1416  per  cent,  in  the  fine  dry  soil,  the  average 
weight  of  which  was  about  2,600,000  lbs.  per  acre  to  the  same 
depth  ;  so  that  the  amount  of  nitrogen  in  it  would  correspond 
to  about  3,682  lbs.  per  acre.  The  nitrogen  in  the  fine  dry  soil  of 
the  clover-land  was  0*1566  percent.,  which,  reckoned  on  the  same 
weight  of  surface-soil,  corresponds  to  4,072  lbs.  per  acre  to  the 
depth  of  9  inches.  On  the  other  hand,  ^e  surface-soil  of  the  old 
grass-land,  which  yielded  the  amounts  of  roots  above  referred  to, 
indicated,  for  the  average  of  the  24  samples,  0*2346  per  cent,  of 
nitrogen ;  but  the  weight  of  fine  dry  soil — ^that  is,  excluding  stones, 
roots,  and  water — amounted  to  an  average  of  only  about  2,000,000 
lbs.  per  acre  to  the  depth  of  9  inches.  Hence  the  amount  of 
nitrogen  to  that  depth  would  be  about  4,692  lbs.,  or  much  more 
than  in  the  case  of  the  clover-land,  and  very  much  more  than 
in  that  of  the  barley-land,  though  with  much  less  soil.  The 
highest  amount  of  nitrogen  found  in  the  surface-soil  of  any 
of  the  experimental  grass  plots  was,  however,  02737  per  cent., 
corresponding  to  5,474  lbs.  of  nitrogen  per  acre  on  a  weight  of 
2,000,000  lbs. 

With  the  increase  of  nitrogen,  as  the  arable  land  is  converted 
into  meadow,  there  is  also  a  considerable  increase  of  carbon. 
Thus,  in  the  surface-soil  of  the  experimental  grass-plots  at 
Bothamsted,  there  are  about  13  or  14  parts  of  carbon  to  1  of 
nitrogen ;  whereas,  in  the  case  of  the  Bothamsted  arable  surface- 
soils,  there  are  only  from  10  to  11  parts  of  carbon  to  1  of  nitro- 
gen, aud  in  the  subsoils  much  less.  The  relation  of  carbon  to 
nitrogen  in  the  surface-soil  is,  however,  very  much  less  than  in 
the  vegetation  above  it,  and  very  much  less  than  iu  the  roots 
separated  from  it.     Both  the  nitrogen  and  the  carbon  of  the 
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«oil  have  been  derived  from  vegetable  residue,  partly  of  the 
manure  applied,  but  in  great  part  also  of  the  crops  grown ; 
.and  it  has  undergone  decomposition,  and  thereby  lost  most  of 
its  carbon,  whilst  what  remains  exists  in  more  stable  com- 
I  bination. 

I  Such  accumulations  are   retained  in   the   soil  with  great 

.tenacity,  and  they  contribute  to  its  fertility.  From  the  un- 
jnanured  plot  of  the  Rothamsted  permanent  grass  experiments, 
rtaking  first  and  second  cuttings  together,  43  crops  of  hay  have 
been  removed  during  the  last  33  years ;  but  the  greater  part  of 
the  long  previously  accumulated  fertility  still  remains.  When, 
however,  grass-land  is  broken  up  and  converted  into  arable,  the 
.accumulated  fertility  rapidly  diminishes. 

When  it  is  borne  in  mind  that  all  our  arable  soils  were 
-originally  covered  with  natural  herbage  or  timber,  and  that 
during  centuries  of  arable  culture  much  of  the  previously  accu- 
miulated  fertility  has  thereby  been  removed,  it  will  readily  be 
understood  that,  in  the  re-conversion  of  such  arable  land  into 
permanent  grass,  much  of  the  used-up  accumulated  fertility 
must  be  restored,  before  we  can  get  it  back  into  a  satisfactory 
-condition. 

Assuming  these  to  be  the  general  conditions  essential  for 
*he  conversion  of  arable  into  permanent  grass-land,  we  may 
now  endeavour  to  ascertain  what  changes  have  actually  taken 
{place  in  the  soil,  during  the  formation  of  the  meadow,  the 
history  of  which  we  have  under  consideration.  Any  estimate 
of  the  accumulations  which  have  taken  place  can,  however, 
only  be  approximately  correct,  since  we  have  not  any  exact 
•data  on  the  important  point  of  the  amount  of  nitrogen  which 
!the  soil  contained  when  it  was  first  taken  in  hand  in  1856  as 
^arable  land. 

But  we  have  made  some  thousands  of  determinations  of 
nitrogen  in  the  surface-soils  and  subsoils  of  the  Rothamsted 
experimental  fields,  which  are  very  near  to  this  newly  formed 
meadow ;  and  we  are  in  a  position,  therefore,  to  make  a  fair 
•estimate  on  the  subject. 

Careful  samples  were,  however,  taken  in  January  1879 — ^that 
ds,  when  no  crop  had  been  removed  since  the  previous  July — and 
again  in  September  1888,  after  a  second  crop  of  hay  had  been 
taken.  It  will  be  instructive  to  go  into  some  detail  as  to  the 
methods  of  experimenting  adopted,  and  the  results  obtained,  as 
■the  discussion  will  illustrate  some  of  the  difficulties  which  are 
'encountered  in  endeavouring  properly  to  interpret  analyses  of 
isoils  made  on  samples  taken  at  difierent  periods,  and  in  different 
•conditions  of  the  land. 
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The  plan  adopted  in  taking  the  samples  is,  to  drive  AowTt 
a  steol  frame,  12  by  12  inches,  and  9  inches  deep,  open  at  top 
and  bottom,  until  the  upper  edge  is  level  with  the  surfigtce  of 
the  soil.     All  above-ground  vegetation  is  then  cut  off  as  closely 
as  possible  with  scissors.     The  soil  enclosed  within  the  frame- 
is  then  carefully  removed,  exactly  to  the  depth  of  the  frame^ 
und  immediately  weighed.     The  soil  is  then  partially  dried,  and 
submitted  to  mechanical  separation  by  a  series  of  sieves.     All 
visible  vegetable  matter  is  at  the  same  time  carefully  picked 
out.     The  stones,  the  roots,  and  the  remaining  soil,  are  thus- 
obtained  separately ;  and  the  determinations  of  dry  matter,  of? 
nitrogen,  and  sometimes  of  carbon,  and  of  other  constituents, 
are  made  in  the  separated  soil  afler  being  finely  powdered.    The- 
loss  of  water  at  each  stage  of  preparation,  and  on  drying  the- 
samples  as  analysed,  is  also  carefully  determined. 

In  January  18.79  six  samples  from  so  many  different  places^ 
in  the  field  were  taken,  and  in  September  1888  five  samples. 
Table  IV.  (below)  shows,  in  the  upper  division  for  each  of  the- 


Table  IY. — Soil  Samples  collected  Jaihj.uiy  1,  1879,  and 

September  26,  1888. 

Qitantlties  per  acre. 


Samples 

Original  soU 
OS  sampled 

Stones,  4(0. 

Roots,  Ac, 

Water 

Fine  soil  (dry) 

Samples  collected 

I  January  1, 

,  1879. 

1 

1        i 

2 

3 

4 

5 

6       1 

lbs. 
3,642,024 
3,680,139 
3,6i7,4G'J 
3,708,726 
3.771,343 
3,735,951       ! 

Ib5. 
800.061 
916,012 
894,613 
823,638 
1,028,125 
983,258 

lbs. 
10,400 
12,741 

8,875 
11,816 

9,529 
16,003 

lbs. 
769,040 
761,757 
762,057 
765,204 
'i  82,05 1 
778,961 

lbs. 
2,062,623 
1,989.629 
1.981.924 
2,108,068 
1,951,638  • 
1,937,724 

Mean 

3,697,609      i 
8an 

907,618 
iples  collected 

11,561 
September  2 

769.846 
G,  1888. 

2,008,584 

I 

o 

3 

4 
C 

3,360,926 
3.422,183 
3,170,351 » 
.S,449,408 
3,431,711 

1,002.969 

1,035.367 

87S,279 

752,771 

852,561 

10,.346 

11,707 

7,623 

9,001 

12,623 

549,603 
550,863 
423,327 
627,722 
£04,235 

1.798,008 
1,824,246 
1,861,122 
2.059,114 
2,002,402 

Mean 

3,366,915              904.387 

10,400 

543,150 

1,908,978 

*  Probably  too  little,  as  the  soil  appeared  to  rise  in  the  sampling  iron,  owing^ 
as  was  afterwards  found,  to  a  laige  stone  directly  nnder  the  edge  of  the  frame  ;. 
probably  part  of  this  stone  should  have  been  included  in  the  weight  of  sample.. 
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six  1879  samples,  and  in  the  lower  division  for  eachjof  the  five 
1888  samples,  the  calculated  amounts  per  acre  of  the  total  soil 
as  sampled,  of  the  stones,  the  roots,  the  water,  and,  finally,  of 
the  fine  soil  free  of  water. 

It  will  be  seen  that,  according  to  the  calculations,  the  average 
weight  of  total  soil  per  acre,  to  the  depth  of  9  inches,  was  about 
330,000  lbs.,  or  about  one-eleventh  less  in  September  1888 
than  in  January  1879.  An  examination  of  the  amounts  of 
water  shows  that  about  two-thirds  of  the  difference  was  due  to 
the  less  amount  of  moisture  in  the  soil  of  the  1888  samples, 
taken  in  September,  and  after  the  removal  of  a  second  crop  of 
hay,  than  in  those  taken  in  January  1879,  six  months  after  the- 
removal  of  the  crop.  The  remaining  difference,  amounting  to 
rather  more  than  100,000  lbs.,  is  made  up  by  rather  over  3,000 
lbs.  less  stones,  rather  over  1,000  lbs.  less  roots,  and  very  nearly 
100,000  lbs.  less  dry  soil ;  corresponding,  in  fact,  to  about 
5  per  cent.,  or  one-twentieth  less  dry  soil  in  1888  than  in  1879. 

It  may  be  observed  that  the  difference  in  the  amount  of 
water  per  acre,  to  the  depth  of  9  inches,  at  the  two  periods, 
corresponds  to  a  difference  of  almost  exactly  1  inch  less  rain 
retained  in  the  first  9  inches  of  depth  in  September  1 888  than 
in  January  1879 ;  and  the  less  amount  of  soil  removed  at  the- 
later  date  is  probably,  in  great  part,  due  to  less  consolidation 
of  the  drier  soiL  The  average  amounts  of  water  represent  about 
20-8  per  cent,  of  the  soil  as  sampled  in  1879,  but  only  16-1  per 
cent,  in  1888. 

It  is  seen  that,  on  the  average,  the  stones  amounted  in  1879^ 
to  nearly  one-fourth,  but  in  1888  to  more  than  one-fourth  of  the 
total  soil  as  sampled ;  and,  in  each  case,  the  stones  amounted  to 
not  far  short  of  half  as  much  as  the  fine  dry  soil,  which  is  a 
larger  propoiiiion  than  has  been  found  in  any,  and  a  much 
larger  proportion  than  in  most,  of  the  surface-soils,  of  the  Eoth- 
amsted  experimental  arable  fields.  The  amounts  varied,  how- 
ever, considerably  according  to  the  different  samples,  and  more  in 
those  taken  in  1888  than  in  those  of  1879. 

The  amount  of  roots  also  varied  considerably  in  the  different 
samples,  but  more  in  1879  than  in  1888;  the  quantity  cor- 
responding in  one  case  in  1879  to  8,875  lbs.  per  acre,  and  ia 
another  to  16,008  lbs. ;  whilst  in  1888  the  greatest  difference- 
was  from  7,623  lbs.  in  one  case,  to  12,523  lbs.  in  another.  Oa 
the  average  there  was  about  one-eleventh  less  roots  in  1888 
than  in  1879 ;  whilst  we  should  expect  an  increase  with  the 
progress  in  the  formation  of  the  meadow.  Part  of  the  difference 
is  accounted  for  by  the  less  amount  of  total  soil  taken  to  th& 
depth  of  9  inches  in  the  drier  state  of  the  soil  in  1888 ;  and  ii 
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is  probable  that  some  of  tbe  deficiency  msj  be  due  to  the  roots 
being  more  exhausted  after  the  removal  of  a  second  crop  in 
September,  than  in  January  after  no  removal  by  mowing  since 
the  preceding  summer.  The  amount  of  nitrogen  in  the  roots 
at  the  two  periods  will  be  considered  further  on. 

The  amount  of  water  varied  comparatively  little  in  the  six 
samples  taken  in  January  1879,  but  more,  with  the  less  actual 
quantities,  in  the  five  samples  of  1888. 

Lastly,  as  to  the  fine  soil  free  from  water,  the  variation  in 
the  amount  in  the  difierent  samples  has  obviously  some  relation 
to  the  amount  of  stones;  but,  taking  the  average,  the  1879 
samples  represent  2,008,584  lbs.,  and  the  1888  samples  only 
1,908,978  lbs.,  or,  as  has  been  said,  about  one-twentieth  less. 
Tlie  significance  of  this  difference  will  be  seen  as  we  proceed. 

Two  or  more  determinations  of  nitrogen  were  made  in  each 
separate  sample,  in  each  of  the  two  years,  and  also  in  a  mixture 
of  the  six  samples  of  1879,  and  of  the  five  of  1 888.  The  follow- 
ing  Table  (V.)  gives  the  mean  percentage  of  nitrogen  in  each 
separate  sample,  and  in  the  mixture  for  each  year.  It  also  gives 
the  amounts  of  nitrogen  per  acre,  in  lbs.,  to  the  depth  of  9  inches, 
calculated  from  these  percentages,  and  the  actual  weights  of  soil  in 
each  case,  as  given  in  the  preceding  Table,  and,  for  convenience, 
repeated  in  the  first  two  columns  of  the  Table  below. 

Table  V. — Nitrogbn  per  Cent.,  and  peb  Acre,  in  the  Subfacb- 
SoiLs  TO  THE  Depth  of  9  Inches,  in  Januabt  1879,  and 
September  1888. 


1     Pine  8Cil  (dry)  per  aero 

Nitrogen 

Samples 

Per 

oenL 
,     1888 

Per 

acre 

1879 

Ibfl. 
2,062,623 
1,989,629 
1,981,924 
2,108,068 
1,951,638 
1,957,724 

1888 

1879 

1879 

1888 

No.  1 

..   2 
„    3 
„    4 
„    5 

H     6 

1,798,008 
1,824,246 
1,861,122 
2,059,114 
2,002,402 

percent 
01975 
0-2013 
0-2112 
0-1942 
0-2048 
0-2051 

percent. 
0-2477 
0-2388 
0-2614 
0-2380 
0-^255 

lbs. 

4,073    . 
4,005 
4,186    , 
4.094    1 
3,997    ; 
4,015    . 

lbs. 
4,454 
4,356 
4,8G5 
4,901 
4,515 

Mean       .    .    . 
Miztnre  .    .    . 

2,008,584 

1,908,978 

0-2024      0-2423 
0-2057      0-2405 

4,062 
4,132 

4,618 
4,591 

Mean  of  mean 
and  mixtnre  i 

— 

— 

0  2041 

0-2414 

4,097 

4,604 

Referring  first  to  the  1879  results,  the  percentage  of  nitrogen 
is  not  widely  difierent  in  the  difierent  samples,  llie  highest  is 
0-2112  per  cent,  in  sample  3,  and  the  lowest  0*1942  in  sample  4. 
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But  with  the  higher  percentage  the  weight  of  fine  dry  soil  per 
acre  was  only  1,981,924  lbs.,  whilst  with  the  lower  it  was 
2,108,068  lbs. ;  so  that  there  is  only  a  difference  of  from  4,186 
to  4,094,  or  92  lbs.,  in  the  calculated  quantity  of  nitrogen  per 
acre  in  the  two  cases.  There  can  be  little  doubt  that  the  lower 
percentage  in  the  sample  of  greater  actual  weight  of  fine  dry 
soil  was  due  partly,  at  any  rate,  to  the  inclusion  of  a  greater 
quantity  of  subsoil  which  would  contain  a  lower  percentage  of 
nitrogen.  The  percentage  of  nitrogen  according  to  the  mean  of 
the  determinations  on  the  six  individual  samples  is  0*2024,  and  ac- 
cording to  the  determinations  on  a  mixture  of  the  six  samples  it  is 
0-2057,  showing  a  difference,  therefore,  of  only  0*0033  per  cent. 

The  calculated  quantities  per  acre  are,  according  to  the  mean 
of  the  determinations  on  the  six  individual  samples,  4,062  lbs.  per 
acre,  and  according  to  the  determinations  on  the  mixture  4,132  lbs. , 
or  a  difference  of  70  lbs.  on  a  total  quantity  of  about  4,100  lbs. 

Turning  to  the  1888  results,  the  difference  in  the  percentage 
of  nitrogen  in  the  different  samples  is  rather  greater  than  in 
those  of  1879 ;  and  there  is  again  some,  but  not  an  uniform, 
indication  of  higher  percentage  with  lower  weight  of  soil,  and 
lower  percentage  with  higher  weight — that  is,  with  probably 
more  subsoil  included.  The  mean  percentage  on  the  individual 
samples  is  0*2423,  and  on  the  mixture  0*2405,  or  a  difference  of 
only  0*0018  per  cent. 

There  is  also  a  greater  difference  in  1888  than  in  1879  in 
the  calculated  amounts  of  nitrogen  per  acre  from  the  different 
samples ;  but  there  is  very  little  difference  between  the  average 
result  on  the  five  individual  samples,  and  that  on  the  mixture- 
it  being  4,618  lbs.  according  to  the  analyses  and  calculations  on 
the  separate  samples,  and  4,591  lbs.  according  to  the  results  on 
the  mixed  sample — that  is,  there  is  a  difference  of  only  27  lbs» 
per  acre,  in  a  total  of  about  4,600  lbs. 

Taking  the  results  as  they  stand — though,  as  we  shall  see 
further  on,  they  will  require  some  modification  before  being 
finally  adopted — the  average  percentage  of  nitrogen  in  the  1879 
samples  was  0*2041,  but  in  the  1888  samples  0*2414,  or  about 
one-fifUi  higher,  after  nearly  ten  years.  Or,  taking  the  calcu- 
lated amounts  of  nitrogen  per  acre  to  the  depth  of  9  inches,  they 
were  4,097  lbs.  in  1879,  and  4,604  lbs.  in  1888 ;  showing  an  in- 
crease, therefore,  of  507  lbs.  in  the  nearly  ten  years,  or  about 
50  lbs.  per  acre  per  annum,  during  so  many  years  of  the  further 
progress  in  the  formation  of  the  meadow. 

Before  referring  further  to  these  results,  we  must  endeavour 
to  arrive  at  some  estimate  of  the  amount  of  nitrogen  in  the 
surface-soil  when  it  was  first  taken  in  hand  as  arable  land.     As 
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already  said,  no  samples  were  taken  at  the  commencement ;  hut 
having  taken  so  many  samples  of  our  arable  soils  to  the  depth 
of  9  inches,  and  determined  the  nitrogen  in  them,  we  believe  we 
may  safely  assume  that,  at  the  commencement,  the  arable  surface- 
soil  would,  to  that  depth,  contain  about  0*14  per  cent,  of  nitrogen. 

But  the  average  weight  of  fine  dry  soil,  to  the  depth  of  ^ 
inches,  would,  when  arable,  weigh  about  2,400,000  lbs.  per  acre, 
instead  of  about  2,000,000  lbs.  as  in  the  case  of  the  land  after  it 
had  been  so  many  years  under  grass.  We  have,  therefore,  to 
estimate  what  would  probably  be  the  percentage  of  nitrogen  in 
the  upper  2,000,000  lbs.  of  the  surface  arable  soil.  That  is  to 
say,  we  have,  in  the  first  place,  to  deduct  400,000  lbs.,  or  one- 
sixth  of  the  original  weight,  and  to  deduct  the  amount  of  nitrogen 
it  would  contain  from  the  total,  and  calculate  the  percentage 
in  the  remaining  upper  2,000,000  lbs.  Taking  the  original 
2,400,000  lbs.  at  0*14  per  cent,  of  nitrogen,  the  total  amount  to 
the  depth  of  9  inches  would  be  3,360  lbs.  of  nitrogen  per  acre. 
Assuming  the  lower  inch  and  a  half,  or  one-sixth =400,000  lbs., 
which  would  be  below  the  reach  of  the  plough,  to  contain  only 
0*08  per  cent,  of  nitrogen,  the  total  amount  of  nitrogen  in  it 
would  be  320  lbs.  per  aci'e ;  and  deducting  this  from  the  total 
3,360  lbs.,  there  remain  3,040  lbs.  in  the  upper  2,000,000  lbs.  of 
the  fine  dry  soil  of  the  arable  land  at  the  commencement,  and 
this  would  correspond  to  a  percentage  of  0*152  in  the  2,000,000  lbs. 
of  surface-soil.* 

We  have  thus  an  estimate  of  the  percentage,  and  of  the  total 
amount,  of  nitrogen  in  2,000,000  lbs.  of  fine  diy  arable  surface- 
soil  in  1856,  when  the  land  was  taken  in  hand ;  we  have  actual 
determinations  in  the  surface-soil,  weighing  rather  over  2,000,000 
lbs.  in  1879 ;  and  we  have  actual  determinations  in  1888,  when, 
however,  the  fine  dry  soil  to  the  depth  of  9  inches  amounted  to 
little  more  than  1,900,000  lbs.  Before,  therefore,  we  can  make 
any  accurate  comparison  of  the  amounts  of  nitrogen  at  the  differ- 
ent dates,  we  must  correct  the  results  of  the  actual  determina- 
tions, so  as  to  show  the  amount  in  2,000,000  lbs.  For  example, 
we  assume  that  the  about  one-twentieth,  or  nearly  100,000  lbs. 
deficiency  of  weight  per  acre  in  1 888,  being  subsoil,  but  influenced 
more  or  less  by  the  perennial  vegetation,  would  contain  about  0*01> 
per  cent,  of  nitrogen,  and  the  calculation  is  as  follows: — 91,000 
lbs.  of  subsoil,  at  0*09  per  cent,  nitrogens  82  lbs.  of  nitrogen  per 
acre,  which  added  to  4,604  lbs.,  the  amount  by  actual  determi- 
nation in  1,908,978  lbs.,  gives  a  total  of  4,686  lbs.  nitrogen  in 

Mt  is  perhaps  more  probable  that  these  estimates  of  the  percentage,  and 
of  the  actual  amount,  of  nitrogen  in  the  surface  soil  in  1856,  are  too  high  than 
iOQ  low. 
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2,000,000  lbs.  of  soil,  corresponding  to  0-23 1  per  cent,  in  the 
2,000,000  lbs.,  instead  of  0-2414  per  cent,  on  1,908,978  lbs.  as 
given  in  Table  Y .  of  the  actual  experimental  results. 

It  will  be  seen,  therefore,  that  in  endeavouring  to  estimate 
the  loss  or  gain  in  the  nitrogen  of  a  surface-soil,  under  any 
particular  mode  of  treatment,  we  have  to  face  a  very  complicated 
problem,  and  one  which  is  not  generally  recognised.  It  is, 
however,  essential  to  meet  the  difficulty,  tf  we  would  arrive  at 
anything  like  trustworthy  conclusions. 

Adopting  the  plan  of  calculation  above  described,  we  have — 
reckoning  in  each  case  2,000,000  lbs.  of  dry  surface-soil  per 
acre— estimates  of  the  percentage  of  nitrogen,  and  of  the  actual 
amounts  of  it,  in  lbs.  per  acre,  in  1856,  when  the  land  was 
arable;  estimates  for  1866,  the  time  from  which  our  records  of 
manure  and  produce  commence;  direct  determinations  in  1879, 
when  the  first  samples  were  taken ;  and  direct  determinations 
also  for  1888,  when  the  last  samples  were  taken  and  analysed. 
The  following  Table  shows  the  results  so  obtained,  and  also  the 
estimated  gain  of  nitrogen,  per  acre  per  annum,  over  individual 
periods,  and  the  total  period : — 

Table  VI. — Nitrogen  per  Cent,  in  Surface-Soil  (dry)  ;  also 
ACTUAL  Quantities,  and  Gain,  in  lbs.  per  Acre,  at  dif- 
ferent Periods. 


Number 
of  yours 

Nitrogen 

Dates 

Per  cent.  In 
surface- 
toil  (dry) 

Per  acre 
total 

Gain 

Per  acre 
totiil 

Per  acre 
per  aimum 

ISoG 
J3C6 
1879 
1888 

10 
13 
10 

per  cent. 
01520 
0-1749 
0-2046 
0-2345 

lbs. 
3,040 
3,497 
4,091 
4,690 

Ibo. 

457 
594 
599 

lbs, 

}       45-7 
69-9 

33 

___ 

— 

1,650 

500 

Taking  into  consideration  both  the  treatment  of  the  land  as 
to  manuring,  and  the  amounts  of  crop  grown,  there  can  be  no 
doubt  that  there  would  be  greater  accumulation  of  nitrogen 
within  the  sarfacesoil  over  the  later  than  over  the  earlier  years; 
and  it  is  seen  that,  according  to  the  calculations,  there  was  an 
estimated  average  gain  of  45'7  lbs.  per  acre  per  annum  over  the 
period  from  1856  to  1879,  but  of  59*9  lbs.  per  acre  per  annum 
over  the  last  ten  years.  It  is  probable  that  the  average  gain 
was  rather  less  per  acre  per  annum  over  the  first  ten  years,  and 
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rather  more  over  the  next  thirteen,  than  over  the  total  period 
of  twenty-three  years,  from  1856  to  1879.  The  estimate  for 
the  concluding  period  from  1879  to  1888  (reckoned  at  ten 
years  from  the  removal  of  the  crop  of  1878)  is,  however,  founded 
on  direct  experimental  data,  and  is  probably  very  near  the  truth. 
The  average  annual  gain  over  the  33  years,  1856  to  1888,  is 
seen  to  be  50*0  lbs.  per  acre;  and  the  average  over  the  23 
years  from  1866  to  1888,  to  which  our  records  of  manure  and 
produce  relate,  is  51*9  lbs. 

The  gain  so  indicated  is  obviously  independent  of  the  visible 
and  separated  underground  vegetable  matter,  roots,  &c.  The 
following  Table  (VII.)  shows  the  amounts  of  roots  per  acre  in  the 
surface-soil,  the  percentage  of  nitrogen  in  them,  and  the  amounts 
of  nitrogen  per  acre,  according  to  the  results  on  each  sample  in 
1879  and  in  1888  respectively  :— 

Table  VII. — Sepabated  Roots  per  Acre,  and  Nitbogex  in 

Thbm,  per  Cent,  and  per  Acre. 

Nitrogen  in  roots  (air-dried) 


Sample 

Roots  per  acre 

1879 

Ibfl. 
10,400 
12,741 

8,875 
11,816 

9.529 
16,008 

1888 

1 
2 
3 

6 

6 

lbs. 

10,346 

11,707 

7,623 

9,801 

12,623 

Mean 

11,661 

10,400 

Per  cent. 


Per  acre 


1879 


per  cent. 
0-740 
0-696 
0804 
0795 
0802 
0-766 

0-767 


1888 

1 

1879 

per  cent. 

lbs. 

0-771 

77-0 

0-800 

88-7 

0-805 

71-4 

0-644 

93-9 

0-731 

76-4      ; 

— 

122-6 

0  750 

883 

1888 


lb?. 

798 

93  6 

61-4 

63-1 

91-6 


77-9 


Attention  has  already  been  called  to  the  fact  that,  although 
the  soil  had  undoubtedly  increased  in  fertility  during  the  last 
10  years,  as  proved  both  by  the  increased  amounts  of  crop,  and 
by  the  increased  amount  of  nitrogen  in  the  surface-soil,  yet  there 
was  even  a  somewhat  less  amount  of  roots  separated  from  the 
samples  of  soil  in  1888  than  in  1879.  It  was  supposed  pro- 
bable that  part  of  the  result  might  be  due  to  the  roots  being 
more  exhausted  in  September  1888,  after  the  removal  of  two 
large  crops,  than  in  January  1879,  when  no  hay-crop  had  been 
removed  since  the  preceding  summer.  It  may  be,  however^ 
that  the  separation  of  fine  vegetable  matter  was  more  complete 
in  the  case  of  the  1879  than  in  that  of  the  1888  samples;  and, 
so  far  as  this  was  so,  a  small  portion  of  the  increased  amount  of 
nitrogen  found  in  the  fine  dry  soil  in  1888  would  be  due  to 
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such  fine  vegetable  debris.  Against  snch  a  supposition  is  the 
fact  that  determinations  of  carbon  in  the  mixture  of  the  six 
1879  and  of  the  five  1888  soil  samples  show  scarcely  any  in- 
creased relation  of  carbon  to  nitrogen  at  the  later  date,  the 
amounts  being  ]1'73  carbon  to  1  of  nitrogen  in  1879,  and  only 
11-77  in  1888.  Compared  with  these  amounts,  as  already  stated, 
there  are  from  13  to  14  parts  of  carbon  to  1  of  nitrogen  in  the 
surface-soil  of  the  old  grass-land  at  Bothamsted. 

At  any  rate,  the  figures  in  Table  VII.  show  that  the  average 
amounts  of  nitrogen  per  acre  due  to  separated  roots  were 
rather  less  at  the  later  date,  being  88-3  lbs.  in  1879,  and  only 
77*9  lbs.  in  1888.  These  amounts  are  much  less  than  were 
attributable  to  separated  roots  in  the  case  of  the  old  grass-land. 

Upon  the  whole,  therefore,  the  evidence  clearly  indicates  that 
there  is  much  less  accumulation  of  vegetable  d6bris  in  the 
surface-soil  of  the  new,  than  in  that  of  the  old  grass-land.  As 
to  the  actual  amounts  of  nitrogen  due  to  vegetable  accumula- 
tion in  the  surface-soil,  if  the  whole  amount  were  distributed 
over  the  33  years,  it  would  represent  less  than  3  lbs.  per  acre 
per  annum.  But,  obviously,  a  larger  part  of  the  earlier  than  of 
the  later  accumulations  will  have  been  decomposed,  and  will 
have  contributed  to  the  increase  of  nitrogen  and  carbon  found 
in  the  fine  soil.  Hence,  more  than  the  above  calculated  average 
amount,  both  of  vegetable  d6bris  and  of  nitrogen  in  it,  will  be 
due  to  the  later  years.  Still,  the  amounts  of  nitrogen  due  to 
such  accumulations  of  visible  and  separable  vegetable  matter 
will  not  add  many  lbs.  per  acre  per  annum  to  the  amounts 
remaining  and  found  in  the  fine  soil  itself. 

From  the  whole  of  the  results  there  can  be  no  doubt  that 
there  has  been  a  considerable  accumulation  of  nitrogen  in  the 
surface-soil  during  the  formation  of  the  meadow — amounting,  in 
fact,  to  an  average  of  nearly  52  lbs.  per  acre  per  annum  over  the 
last  23  years.  The  question  arises — whence  has  this  nitrogen 
been  derived  ? 

In  Table  III.  it  was  shown  that,  on  the  assumption  of  the  lower 
percentage  of  nitrogen  (0'64)  in  the  dung  applied,  there  were 
7*9  lbs.  more  nitrogen  annually  supplied  in  manure  than  were 
removed  in  the  crops,  over  the  23  years  1866  to  1888 ;  but  that, 
on  the  assumption  of  the  higher  percentage  of  nitrogen  in  the 
dung  (0'80),  there  were  about  20  lbs.  (20*1)  more  annually 
supplied  than  were  removed  in  the  crops ;  or,  even  if  we  were  to 
suppose  that  the  dung  contained  1*0  per  cent,  of  nitrogen,  the 
excess  in  manure  over  that  in  the  crops  would  only  amount  to 
35-4  lbs.  per  acre  per  annum. 

It  is  obvious  that,  even  supposing  there  were  no  loss  of  the 
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supplied  nitrogen,  either  by  decomposition  within  the  6oil  and 
evolution  of  free  nitrogen,  or  by  the  drainage  of  nitric  acid,  the 
estimated  excess  in  the  manure  over  that  in  the  crops  removed 
would  not  account  for  the  indicated  gain  of  nitrogen  by  the 
surface-soil,  and  in  the  roots.  We  may  also  reckon  that  the 
meadow  received  nitrogen  at  the  rate  of  about  5  lbs.  per  acre 
per  annum,  by  cake  or  com  given  to  the  animals  feeding  off  the 
second  crops.  There  will  also  be  from  5  to  10  lbs.  per  acre  per 
annum,  due  to  combined  nitrogen  coming  down  in  rain  and  the 
minor  aqueous  deposits  from  the  atmosphere. 

Making  full  allowance  for  the  various  sources  that  have  been 
enumerated,  there  would  still  appear  to  be  a  greater  or  less 
balance  of  the  gain  not  so  accounted  for.  If  so,  it  must  have 
its  source,  either  in  the  subsoil,  or  the  atmosphere,  or  both. 

There  is  much  experimental  evidence  pointing  to  the  con- 
clusion that,  at  any  rate  some  deep-rooted  leguminous  plants 
derive  a  considerable  quantity  of  nitrogen  from  the  subsoil ;  and 
there  seems  no  reason  to  doubt  that  the  deep-rooting  plants  of 
the  mixed  herbage  of  grass-land,  whether  leguminous  or  other- 
wise, may  also  avail  themselves  of  subsoil  nitrogen ;  and,  if  so, 
it  is  to  be  supposed  that  they,  like  clover  for  example,  will  leave 
nitrogenous  crop-residue  in  the  surface-soil,  the  nitrogen  of 
which  has  been  derived  from  the  subsoil. 

It  is,  indeed,  very  probable  that,  at  any  rate  the  greater 
part,  if  not  the  whole,  of  the  nitrogen  gained  by  the  surface- 
soil,  and  not  accounted  for  by  the  excess  supplied  in  manure 
over  that  removed  in  crops,  or  by  combined  nitrogen  from  the 
atmosphere,  is  due  to  nitrogen  of  the  subsoil.  But  if  the 
whole  is  not  to  be  so  accounted  for,  the  question  remains — 
whether  some  may  not  be  derived  in  some  way  from  the  free 
nitrogen  of  the  atmosphere  ? 

On  this  point  we  think  it  may  safely  be  concluded,  from  the 
results  of  the  experiments  of  Boussingault,  and  of  those  made  at 
Hothamsted,  many  years  ago,  that  our  agricultural  plants  do 
not  themselves  directly  assimilate  the  free  nitrogen  of  the  air  by 
their  leaves.  But  in  recent  years  the  question  has  assumed 
quite  a  new  aspect.  It  now  is,  whether  the  free  nitrogen  of  the 
4itmosphere  is  brought  into  combination  within  the  soil,  under 
the  influence  of  micro-organisms,  or  other  low  forms,  and  so 
serving  indirectly  as  a  source  of  nitrogen  to  plants  of  a  higher 
•order  ? 

Thus,  Hellriegel  and  Wilfarth  have  found,  in  experiments 
-with  various  leguminous  plants,  that  if  a  soil  free  of  nitrogen 
have  added  to  it  a  small  quantity  of  soil-extract  containing  the 
organisms,  the  plants  will  fix  much  more  nitrogen  than  was 
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•otherwise  available  to  them  in  the  combined  form.  It  farther 
seemed  probable^  that  the  growth  and  crop-reddae  of  certain 
plants  favoured  the  development  and  action  of  special  organisms. 
It  is  admittedly  not  yet  understood,  either  in  what  way  the 
lower  organisms  affect  the  combination,  or  in  what  way  the 
higher  plants  avail  themselves  of  the  nitrogen  thus  brought  into 
•combination. 

Thinking  that  such  results,  if  confirmed,  were  of  very  great 
-significance,  and  the  conclusions  to  be  drawn  from  them  were  of 
fundamental  importance,  we  decided  to  institute  experiments  at 
JRothamsted  on  somewhat  similar  lines.  An  initiative  series 
has  already  been  undertaken.  At  present,  however,  the  ana- 
lytical results  are  not  complete ;  but,  so  far  as  they  go,  they  seem 
*to  indicate  the  probability  that  there  has  been  some  gain  of 
nitrogen  beyond  that  supplied  in  the  combined  form,  in  the  soil 
and  in  the  seed  sown.  It  is  remarkable,  however,  that  in  the 
experiments  of  Hellriegel  and  Wilfarth  they  have  not  succeeded 
in  enhancing  the  assimilation  of  nitrogen  by  red  clover  by  such 
means.  The  plants  with  which  their  most  striking  results  have 
been  obtained  are  peas  and  lupins ;  and  it  is  with  peas  that  the 
indications  have  been  obtained  at  Bothamsted.  Should  it  be 
finally  established,  that  such  an  action  does  take  place  in  the 
<;ase  of  certain  plants,  though  not  in  that  of  others,  it  is  obvious 
that  part  at  any  rate  of  the  gain  of  nitrogen  by  the  soil  support- 
ing the  mixed  herbage  of  grass-land,  may  be  due  to  the  free 
nitrogen  of  the  air  brought  into  combination  under  the  influ- 
-ence  of  the  action  supposed. 

Tlie  Botany  of  the  Meadow. 

Botanical  separations  in  samples  of  the  herbage  have  not 
'been  undertaken ;  but  careful  examinations  of  its  character  have 
ieen  made  from  time  to  time  by  Mr.  J.  J.  Willis,  who  conducts 
the  botanical  work  of  the  Bothamsted  experiments ;  and  Table 
VUI.  (page  24)  gives  the  results  of  his  estimates,  made  in 
November  1868,  and  in  eleven  recent  years  a  short  time  before 
cutting,  of  the  five  most  prominent  grasses,  the  four  most 
prominent  leguminous  plants,  and  the  four  most  prominent 
miscellaneous  or  weedy  species.  It  will  be  seen  that,  with  the 
-exception  of  1877  and  1884,  the  recent  seasons  were  1876-88. 

Before  referring  to  the  results  relating  to  recent  years,  atten- 
tion should  be  directed  to  the  notes  taken  at  the  earlier  period, 
namely  in  1868.  It  was  then  stated,  that  Bactylis  glomerata 
(cock's-foot)  was  plentiful,  Poa  praiensis  (smooth-stalked  meadow- 
grass)  abundant  and  luxuriant,  Lolium  perenne  (perennial  rye- 
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grass)  was  third  in  prominence,  Festuca  ovina  (sheep's-fescue) 
plentiftil,  and  Holeus  lanatus  (woolly  soft  grass),  Agrostis  yulgaris 
(common  bent  grass),  and  Brormis  mollis  (soft  brome-grass),  were 
freely  distributed.  Leguminous  species  were  found  to  be  very 
abundant ;  TrifoUvni  repens  (white  clover)  and  Lotus  comiculatus 
(bird's-foot  trefoil)  being  exceedingly  prominent,  especially  the 
latter.  Trifolixim  pratense  (red  clover)  was  less  abundant,  and 
but  little  of  La/thyms praiensis  (meadow  vetchling)  was  observed. 
Miscellaneous  species  were  in  fair  amount ;  Rumex  a,cetosa  (sorrel 
dock),  Taraxacum  officinale  (dandelion),  Plantago  lanceolata 
(ribwort  plantain),  and  Ranunculus  repens  and  hulhosus  (butter- 
cups), were  the  most  characteristic.  In  all,  13  grasses,  4  legu- 
minossB,  and  29  miscellaneous  species,  making  a  total  of  46,  were 
observed. 

In  1876,  that  is,  eight  years  later,  Dactylis  was  not  among 
the  five  most  prominent  grasses  nor  did  it  reach  that  degree  of 
prominence  in  any  one  of  the  last  ten  years.  Lolium  perennsy 
again,  which  was  rather  prominent  in  the  early  years,  and  was 
third  in  prominence  in  1868,  was  not  among  the  first  five  in 
1876,  was,  however,  second  in  1878,  was  not  placed  in  1879, 
was  only  fifth  in  1880,  was  not  placed  in  1881,  was  third  in 
1882,  fifth  in  1883,  not  placed  in  1885  or  1886,  was  only  fifth 
in  1887,  and  was  not  placed  in  1888.  Both  cock's-foot  and 
ryegrass  have,  therefore,  much  diminished  in  prominence  under 
constant  mowing  ;  whilst  among  the  better  grasses,  Ahpeaai^s 
praiensisy  Avena  flavescens,  and  the  two  Poa^s^  attain  and  maintain 
a  prominent  place,  but  the  less  favourably  reputed  Holeus  lanattts 
and  Festuca  ovina  are  more  prominent  still.  Of  leguminous 
plants,  Trifolium  minus j  T.  pratensCy  and  T,  repens,  are  the  most 
prominent,  whilst  Lotus  and  Laihyrus  are  comparatively  scarce. 
In  fact,  notwithstanding  the  mowing,  the  frequent  application 
of  dung,  and  the  feeding  of  the  after-grass,  generally  with  a 
small  quantity  of  purchased  food,  have  tended  to  maintain  a  fair 
proportion  of  leguminous  herbage ;  whilst,  the  more  there  was 
used  of  artificial  nitrogenous  manure,  and  the  more  luxuriant 
and  stemmy  the  grasses  were  accordingly,  the  less  was  the  pro- 
portion of  leguminous  herbage  ;  and  it  was  this  fact  that  led  to 
a  reduction  in  the  amount  of  nitrate  of  soda  applied  in  later 
years.  Upon  the  whole,  weedy  herbage  is  not  prominent ;  but 
of  such,  Ranunculus^  Rumex,  and  Achillea  are  the  most  so. 

It  appears,  therefore,  that  neither  Dactylis  nor  Lolium 
maintains  any  prominence  when  the  herbage  is  annually  mown. 
This  result  is  entirely  accordant  with  that  obtained  in  the 
Kothamsted  permanent  gr^iss  experiments.  In  the  early  years 
Dactylis  was  the  most  prominent  grass  on  the  highly  manured 
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plots,  but  it  is  now  comparatiTely  scarce,  being  mainly  replaced 
by  Alopecwrus  and  Avena  elatior.  Lolivm^  too,  has  almost  dis- 
appeared in  recent  years. 

Upon  the  whole,  it  may  be  concluded  from  these  results 
of  annual  mowing  for  nearly  thirty  years,  that  fair  quality  of 
herbage,  as  well  as  full  quantity,  may  be  maintained,  provided 
judgment  be  exercised  in  the  manuring.  Indeed,  it  is  seen 
that  the  quantity  of  crop  is  gradually  increasing,  indicating  an 
improving  condition  of  the  land  under  the  treatment  followed. 

Summary  and  General  OoTuilusions. 

1.  By  the  judicious  employment  of  manures,  both  natural 
«nd  artificial,  arable  land  has  been  converted  into  permanent 
grass,  not  only  without  loss,  but  with  some  profit  to  the  tenant. 

2.  The  important  constituents,  nitrogen  and  phosphoric  acid, 
were  supplied  in  the  manures  in  larger  quantities  than  they 
were  removed  in  the  crops ;  but  potash  in  only  about  the  same 
quantity  as  it  was  removed. 

3.  The  application  of  dung,  not  only  compensates  for  much 
of  the  exhaustion  from  the  removal  of  hay,  but  it  has  a  bene- 
ficial influence  on  the  botanical  character  of  the  herbage. 

4.  Although  the  grass  has  been  mown  every  year  for  nearly 
thirty  years,  there  has  been  a  considerable  accumulation  of 
fertility  within  the  soil. 

5.  Analysis  has  shown  that  there  has  been  an  increase  of 
nitrogen  in  the  surface-soil,  beyond  that  which  could  be  explained 
by  excess  supplied  in  manure  over  that  removed  in  crops,  and 
by  the  combined  nitrogen  coming  down  in  rain,  and  the  minor 
deposits,  from  the  atmosphere.  Part,  if  not  the  whole,  of  this 
increase  is  probably  derived  from  the  subsoil  by  deep-rooted 
plants,  which  afterwards  leave  a  nitrogenous  residue  within  the 
surface-soil.  Or,  possibly,  some  of  it  may  have  its  source  in  the 
free  nitrogen  of  the  atmosphere,  brought  into  combination  within 
the  soil,  under  the  influence  of  micro-organisms,  or  other  low 
forms. 

6.  In  laying  down  arable  land  to  permanent  grass,  especially 
if  hay  is  to  be  removed,  it  is  essential  to  supply,  not  only  nitro- 
genous, but  an  abundance  of  mineral  manures,  and  especially 
of  potash,  a  large  quantity  of  which  is  removed  in  the  crops,  and 
must  be  returned.  When  the  grass  is  not  mown,  but  fed,  the 
exhaustion  is  much  less,  but  it  is  greater  when  consumed  for 
the  production  of  milk,  than  when  for  that  of  store  or  fattening 
increase. 
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EESULTS  OF  EXPERIMENTS  AT  EOTHAMSTED,  ON 

THE  GROWTH  OF  LEGUMINOUS  CROPS, 

FOR  MANY  YEARS  IN  SUCCESSION  ON  THE  SAME  LAND. 


INTRODUCTION. 

The  subject  of  my  lecture  to-day  is — ^the  conditions,  and  the 
results  of  growth,  of  Leguminous  Crops  ;  and,  as  on  former  occasions, 
I  propose  to  draw  my  illustrations  largely  from  the  results  of  field 
experiments,  and  other  investigations,  conducted  at  Rothamsted. 

In  former  lectures  I  have,  in  a  similar  way,  considered  the  conditions 
and  the  results  of  growth — of  Wheat,  and  of  Barley,  as  representatives 
of  the  great  gramineous  family ;  of  some  varieties  of  Turnips,  repre- 
senting the  Cruciferx'y  of  some  varieties  of  Beet,  representing  the 
Chenopodiacem  ;  and  of  Potatoes,  of  the  SolanecR. 

It  was  found  that,  within  certain  limits,  the  requirements,  and  the 
results  of  growth,  of  different  members  of  one  and  the  same  family, 
showed  certain  characteristics  in  common;  whilst  those  of  different 
families  showed  more  or  less  of  distinctive  character.  Nevertheless, 
there  are  some  important  points  of  similarity,  as  well  as  of  contrast, 
between  the  requirements  of  the  agricultural  representatives  of  the 
Oraminea,  the  Orudjera,  the  CJienopodiacecB,  and  the  Solanea. 

It  will  be  seen,  however,  that  the  agricultural  representatives  of  the 
Leguminoscd,  all  of  which  are  included  in  the  suh<>rder  PynlumaeecR, 
and  some  of  which  are  of  much  importance  in  our  agriculture,  show 
very  marked  differences,  as  compared  with  those  of  any  of  the  other 
families  I  have  enumerated. 

It  so  happens  that,  both  the  scientific  interest,  and  the  practical 
value,  of  these  crops,  whether  as  elements  in  rotation,  or  as  grown  in 
the  mixed  herbage  of  grass-land,  depend  very  largely  on  the  amount  of 
nitrogen  which  they  contain,  and  on  the  sources  of  their  nitrogen  ;  and 
especially  on  the  great  differences  in  these  respects,  between  them,  and 
the  representatives  of  the  other  families  with  which  they  are  grown, 
either  in  alternation  in  our  rotations,  or  in  association  in  our  meadows 
and  pastures. 

So  much  is  this  the  case,  that  it  is  essential  to  a  proper  under- 
standing and  appreciation,  of  the  characteristics  of  growth  of  these 
crops,  and  for  the  illustration  of  their  value  and  importance  as 
depending  on  those  characteristics,  to  compare  and  to  contrast  the 
conditions  and  results  of  their  growth,  with  those  of  the  crops  of  other 
families. 

I  will  first  call  attention  to  the  difference  in  the  amounts  of  nitrogen 
assimilated  over  a  given  area  by  different  crops,  when  each  is  grown 
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for  many  years  in  succession  on  the  same  land,  without  any  nitrogenous 
manure  ;  or  when  grown  in  alternation  one  with  another,  also  without 
nitrogenous  manure;  that  is  to  say,  under  conditions  in  which  the  soil 
is  to  a  great  extent  exhausted  of  accumulations  of  nitrogen  due  to 
recent  supplies  hy  manure,  and  when,  therefore,  the  plants  have  to  rely 
largely  on  what  may  he  called  the  natural  resources  of  the  soil,  and  on 
those  of  the  atmosphere. 

I  shall  next  show  the  effects  of  artificial  supplies  of  nitrogen,  on 
the  growth  of  the  different  descriptions  of  plant,  on  the  amount  of 
nitrogen  they  assimilate,  and  on  the  amount  and  character  of  their 
products. 

Lastly,  I  shall  adduce  evidence  of  quite  other  kinds,  as  to  the 
sources  of  the  nitrogen,  more  especially  of  the  Leguminosa ;  a  question 
which  has  been  the  subject  of  experimental  enquiry,  and  at  times  of 
active  controversy,  for  about  half  a  century ;  which  has  in  recent 
years  assumed  a  somewhat  new  aspect ;  but  wUch  cannot  even  yet  be 
said  to  be  conclusively  settled. 

Yield  of  nitrogen  per  acre  per  annttm  in  different  crops, 

WITHOUT  nitrogenous  MANURK 

Table  I.  (p.  3),  shows  the  yield  of  nitrogen  per  acre  per  annum, 
with  mineral,  but  without  any  nitrogenous  manure — in  Wheat  and 
in  Barley  as  Oramineoua  crops,  in  Turnips  as  representatives  of  the 
CrucifercBy  in  Sugar-Beet  and  Mangel-Wurzel  of  the  Chenopodtacea, 
and  in  Beans  and  Clover  as  Leguminous  crops,  when  each  is  grown  for 
many  years  in  succession  on  the  same  land.  It  also  shows,  the  amounts 
of  nitrogen  yielded  per  acre,  when  Turnips,  Barley,  a  Leguminous 
crop,  and  Wheat,  are  grown  in  an  actual  course  of  rotation,  also  with 
mineral,  but  without  nitrogenous  manure. 

Incidentally  it  is  to  be  noticed  that,  in  the  case  of  each  of  the 
crops — Wheat,  Barley,  and  Beans — thus  grown  year  after  year  on  the 
same  land  for  many  years  in  succession  without  nitrogenous  manure, 
there  was  a  reduction  in  the  yield  of  nitrogen  per  acre  per  annum,  over 
the  second  period  compared  with  the  first ;  that  is,  as  the  accumulations 
within  the  soil  became  reduced. 

Disregarding  this  tendency  to  reduced  yield,  it  is  seen  that,  over 
the  same  period  of  24  years,  with  full  mineral  but  without  nitrogenous 
manure,  the  wheat  yielded  an  average  of  22  1  lbs.,  and  the  barley  22*4 
lbs.  of  nitrogen  per  acre  per  annum ;  the  two  allied  crops,  therefore, 
yielding  almost  identical  amounts,  iu  their  above-ground  produce, 
without  nitrogenous  manure,  on  soil  very  poor  in  available  nitrogen,  so 
far  as  accumulations  due  to  recent  applications  of  nitrogenous  manure 
are  concerned. 

Turning  now  to  the  yield  of  nitrogen  in  the  root-crops, — Turnips, 
Sugar-Beet,  and  Mangel-Wurzel — it  may  be  mentioned  that,  prior  to 
the  period  referred  to  in  the  Table,  Turnips  had  been  grown  for  a 
number  of  years,  and  had  yielded  42  lbs.  of  nitrogen  per  acre  per 
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annum,  due  to  the  accumulations  from  comparatively  recent  nitrogenous 
manuring.  But,  it  is  seen  that,  after  these  accumulations  had  been 
reduced,  Swedish  Turnips  gave  over  15  years,  an  average  of  only  18*5 
lbs.,  Sugar-Beet  over  the  next  5  years,  an  average  of  only  14 '7  lbs.,  and 
Mangel-Wurzel  over  the  succeeding  10  years,  an  average  of  only  14'0 
lbs.  of  nitrogen,  per  acre  per  annum.  Or,  reckoned  over  the  whole 
period  of  30  years,  after  the  recent  accumulations  had  been  worked 
out,  the  root-crops  gave  an  average  of  only  16*4  lbs.  of  nitrogen  per 
acre  per  annum. 

■ 

TABLE  I. 

Nitrogen  per  acre  per  annum,  in  variooB  Crops  grown  at  Rothamsted,  with 
Mineral,  but  without  Nitrogenous  Manure. 


Wheat 


Barley 


"Swedish  Turnips 
Sugar  Beet 
Boot-crops  <  Mangels  . . 

L  Total    . 


• .        . . 


Beans 


Cloyer 


Daiation  of  Experiment. 


12  years, 
12  years. 


18^2-1863 
1864-1875 


24  years,  1852-1875 


12  years, 
12  years. 


1852-1863 
1864-1875 


24  years,  1852-1875 


♦15  years, 

5  years, 

10  jears. 


1856-1870 
1871-1875 
1876-1885 


30  years,  1856-1885 


1.  Swedish  Turnips    .. 

2.  Barley 


Rotation 


«   (  Clover  (2  courses) 

Average  Clover  and  Beans 
4.  Wheat         

Average  aU  Crops. . 


12  years, 
tl2  years, 

24  years, 

^22  years, 


1847-1858 
1859-1870 

1847-1870 

1849-1870 


»  32  years,  1852-1883       -i 


Avera^ 

Nitrogen 

per  acre 

per  annum. 


lbs. 
27-0 
17-2 


22-1 

260 

18-8 


22*4 

18-5 
14-7 
14-0 


16*4 

61-5 
29-5 


*  IS  years  crop,  2  years  failed. 

t  9  years  beans,  1  year  wheat,  2  years  fallow. 

t  6  years  clover,  1  year  wheat,  3  years  barley,  12  years  fUlow. 

$  Superphosphate  only. 

It  is  remarkable,  how  very  similar  is  the  amount  of  nitrogen 
annually  accumulated  in  Gramineous,  Cruciferous,  and  Chenopodiaceous 
crops,  fliler  the  soil  had  been  exhausted  of  the  more  recent  and  more 


4  RESULTS  OF  EXPBRIMENTS  AT  ROTHAMBTBD, 

readily  available  nitrogenous  accumulations.  Thus,  over  the  second 
half  of  the  period,  the  Wheat  gave  17*2,  and  the  Barley  18*8  lbs., 
against  16*4  lbs.  over  30  years  in  the  various  root-crops. 

We  now  come  to  the  3deld  of  nitrogen  in  Leguminous  crops,  grown 
under  somewhat  similar  circumstances  as  to  the  soil  supplies  of  it. 
Referring  first  to  the  results  obtained  with  Beans,  it  is  seen  that,  over 
the  first  half  of  the  period  of  24  years,  the  average  annual  3rield  of 
nitrogen  in  the  crop  was  61*5  lbs.  per  acre ;  whilst^  over  the  second  12 
years,  in  3  of  which,  however,  the  crop  failed,  so  that  there  were  only 
9  years  of  Beans,  1  year  of  Wheat,  and  2  years  of  Fallow,  the  annual 
yield  was  less  than  half  as  much,  or  only  29*5  lbs.  per  acre.  Never- 
theless, the  avei-age  3deld  over  the  24  years  without  any  nitrogenous 
manure,  was  45*5  lbs.  per  acre  per  annum.  That  is  to  say,  under  very 
similar  conditions  as  to  soil  supply,  the  highly  nitrogenous  Leguminous 
crop,  Beans,  has  yielded  over  a  given  area,  twice  as  much  nitrogen  as 
either  Wheat  or  Barley,  and  more  than  twice  as  much  as  the  root-crop. 

The  next  results  relate  to  the  Leguminous  crop,  Clover.  It  is 
well  known  that  Clover  fails  when  it  is  attempted  to  grow  it  too 
frequently  on  the  same  land ;  and  in  the  case  recorded  in  Uie  Table,  it 
happened  that  Clover  was  obtained  in  only  6  years  out  of  the  32  for 
which  the  yield  of  nitrogen  is  given  ;  so  that  there  are  included,  owing 
to  the  failures,  1  year  of  Wheat,  3  years  of  Barley,  and  12  of  Fallow. 
Notwithstanding  this,  there  was,  with  the  occasional  interpolation  of 
the  Clover,  an  average  3deld,  over  the  22  years,  of  39*8  lbs.  of  nitrogen 
per  acre  with  mineral,  but  without  nitrogenous  supply. 

The  last  results  in  the  Table  relate  to  the  yield  of  nitrogen  per  acre 
per  annum,  over  32  years  of  an  actual  rotation  of  crops ;  that  is,  over 
8  courses  of  4  years,  each  course  comprising  Swedish  Turnips,  Barley, 
Clover  (or  Beans),  and  Wheat,  which,  as  in  the  other  cases,  were  grown 
with  a  purely  mineral  manure  (in  this  case  superphosphate  of  lime 
alone),  but  without  any  nitrogenous  supply. 

The  figures  show  that,  when  the  various  crops  are  thus  grown  in 
alternation  one  with  another,  instead  of  each  separately  year  after 
year,  on  the  same  land,  the  yield  of  nitrogen  is  generally  greater, 
and  sometimes  much  greater.  Thus,  whilst  the  mineral  manured 
Swedish  Turnips,  yielded  only  18*5  lbs.  of  nitrogen  per  acre  per  annum, 
when  grown  year  after  year  on  the  same  land,  they  yielded  33*3  lbs. 
when  grown  in  rotation ;  the  Barley  yielded  22*4  lbs.  when  grown 
continuously,  and  23*5  lbs.  in  rotation;  the  Beans  45*5  lbs.  grown  year 
after  year,  and  only  40*5  lbs.  in  rotation,  but  this  is  very  much  more 
than  the  yield- of  the  continuous  Beans  in  the  second  half  of  the  period, 
which  was  only  29*5  lbs. ;  the  Clover  yields  an  average  of  124*5  Iba 
in  rotation,  against  only  39*8  lbs.  when  it  was  attempted  to  grow  it 
continuously,  and  it  frequently  failed  ;  and  the  Wheat  succeeding  the 
Leguminous  crop  in  rotation,  3deld8  35*9  lbs.  against  only  22*1  lbs. 
grown  continuously.  Lastly,  the  rotation  crops  taken  together  (including 
LeguminoscB),  have  yielded,  over  32  years,  an  average  of  38*6  lbs.  of 
nitrogen  per  acre  per  annum,  against  only  about  half  as  much  in  either 
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Wheat,  Barley,  or  Boots,  grown  under  the  same  manurial  conditions, 
that  is  without  nitrogenous  supply,  but  each  grown  continuously  on 
the  same  land ;  whilst,  in  an  exactly  corresponding  rotation,  but  with 
fallow  instead  of  a  leguminous  crop  in  the  third  year,  the  average 
annual  yield  of  nitrogen  over  the  32  years,  was  only  24*3  lbs. 

It  ia  seen,  then,  that  the  increased  yield  of  nitrogen  in  the  rotation- 
crops,  was  largely  due  to  the  interpolation  of  the  Le^minoscB,  the  Clover 
or  the  fieans ;  in  part  owing  directly  to  the  large  yields  of  nitrogen  ip 
these  crops  themselves,  but  in  part  to  the  increased  yields  in  the  Wheat 
immediately  succeeding  the  Leguminous  crop,  which,  especially  the 
Clover,  would  leave  an  effective  nitrogenous  crop-residue,  but,  in  part 
also,  to  some  effect  from  this  increased  crop-residue  on  the  other  crops 
of  the  course ;  and  lastly,  to  the  fact,  that  the  various  crops  grown  in 
alternation  have  different  root  ranges,  and  grow  during  different  periods 
of  the  season.  The  Wheat,  in  fact,  yielded  nearly  as  much  after  the 
removal  of  the  highly  nitrogenous  Leguminous  crop,  as  on  a  corres- 
ponding plot  left  Fallow ;  from  which,  therefore,  no  nitrogen  had  been 
removed  in  the  produce  in  the  preceding  year. 

The  next  illustrations  show  •  more  str&ingly  still,  the  greater  yield 
of  nitrogen  in  Leguminous  than  in  Gramineous  crops,  grown  under 
equal  soil  conditions.  They  relate  to  the  yield  of  nitrogen  in  Barley 
and  in  Clover,  grown  side  by  side  in  the  same  field ;  and  the  results 
are  given  in  Table  IL 

TABLE  II. 

Nitrogen  per  acre  per  annum,  in  Barley  and  Cloyer,  grown  in  Little  Hooafield, 

Rothamsted. 


Mc"^ 


( After  Barley 


1874r"^     {AfterClovS 

V  Barley  after  Clover  more  than  after  Barley 


•  • 


Nitrogen 
per  acre. 


Ibfi. 
37-3 
161-3 

39-1 
69-4 


30-3 


The  field  had  grown  one  crop  of  Wheat,  one  crop  of  Oats,  and  three 
crops  of  Barley  in  succession  with  artificial  mineral  and  nitrogenous 
manures,  but  without  any  farm-yard  or  other  organic  manure.  In 
1872,  Barley  was  again  sown;  on -one  half  alone,  and  on  the  other 
half  with  Clover.  In  1873,  Barley  was  again  grown  on  the  one 
half,  but  the  Clover  on  the  other.  The  Table  shows  that  the  Barley 
yielded  37*3  lb&  of  nitrogen  per  acre,  whilst  the  three  cuttings  of 
Clover  contained  151 '3  lbs.  In  the  next  year,  1874,  Barley  was  grown 
over  both  portions  ;  and  on  the  one  where  Barley  had  yielded  37*3  lbs. 
of  nitrogen  in  the  previous  year,  it  now  yielded  39*1  lbs.  ;  but  on  the 
portion  where  the  Clover  had  yielded  151*3  lbs.,  the  Barley  succeeding 
it  yielded  69*4  lbs.    That  is  to  say,  the  Barley  yielded  30 '3  lbs.  more 
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nitrogen  after  the  removal  of  151*3  lbs.  in  Glover,  than  after  the 
removal  of  only  37*3  lbs.  in  Barley. 

The  fact  is,  that  the  Clover  had  not  only  yielded  so  much  more 
nitrogen  in  the  removed  crops,  but  it  had  also  left  the  surface  soil 
considerably  richer  in  nitrogen.  Thus,  in  October,  1873,  after  the 
removal  of  the  Barley  and  the  Clover,  samples  of  soil  were  taken  from 
10  places  on  each  of  the  two  portions,  and  the  nitrogen  was  determined 
in  the  samples  from  each  of  4  of  the  individual  holes  separately,  in  the 
mixture  of  the  4,  and  in  the  mixture  of  the  samples  from  the  other  6 
places.  The  determinations  in  the  numerous  separate  samples  consist- 
ently showed  that,  to  the  depth  of  9  inches,  the  Clover-land  soil  which 
had  yielded  so  much  more  nitrogen  in  the  crops,  was  nevertheless 
determinably  richer  in  nitrogen  than  the  Barley-land  soil,  which  had 
yielded  so  much  less.  This  is  sufficiently  illustrated  by  the  following 
figures,  showing  the  mean  percentage  of  nitrogen  in  the  dry  fine  soil, 
of  the  Clover,  and  of  the  Barley-land,  respectively : — 

Mean  i>er  cent.  Nitrogen. 

In  Clover-land  soil 0*1566 

In  Barley-land  soil    ...    - 0*1416 

This  was  the  case  notwithstanding  that  all  visible  vegetable  debris  had 
first  been  removed  from  the  samples.  It  was  further  found,  that  the 
above-  and  under-ground  vegetable  residue  picked  from  the  Clover-land 
samples,  was  much  more  in  quantity,  and  contained  much  more  nitrogen, 
than  that  from  the  Barley-land  samples. 

In  1874,  and  in  1875,  barley  only  was  sown  over  both  portions. 
In  1876,  barley  was  again  sown  over  the  whole  of  the  land,  with 
Clover  as  well  on  the  portions  where  it  had  been  grown  in  1873  ;  but 
the  plant  failed  in  the  winter,  and  gave  no  crop  in  1877.  In  1877, 
Barley  was  again  sown  over  the  whole ;  this  time  with  Clover  on  half 
of  the  previously  Clover  portion,  and  on  half  of  the  previously .  only 
Barley  portion.  In  the  autumn  of  1877,  soil  samples  were  again  taken  ; 
this  time  from  4  places  on  each  of  the  differently  cropped  portions. 
The  determinations  of  nitrogen  in  the  surface  soils  consistently  showed, 
as  before,  a  higher  percentage  where  Clover  had  grown  than  where  only 
Barley  had  grown. 

It  is,  of  course,  well  known  in  agriculture,  that  the  growth  of 
Clover,  which  removes  much  more  nitrogen  than  a  cereal  crop,  increases 
the  produce  of  a  succeeding  cereal  as  if  nitrogenous  manure  had  been 
applied.  But  what  I  wish  specially  to  direct  attention  to  is,  the  fact 
that  a  Leguminous  crop  accumulates  a  great  deal  more  nitrogen  over  a 
given  area  than  a  Gramineous  one  under  equal  soil  conditions. 

YIELD  OF  NITROGEN  IN  THE  CROPS  OF  A  MANURED  ROTATION. 

Before  considering  the  effects  of  direct  nitrogenous  manures  on  the 
different  crops,  it  will  be  well  to  form  some  idea  of  the  amount  of 
nitrogen  yielded  in  fairly  good  crops  grown  in  rotation,  with  fairly 
liberal  manuring.    This  point  may  conveniently  be  illustrated  by  the 
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results  given  in  Table  III.  (below),  which  show  the  amounts  of 
nitrogen  in  the  crops  grown  in  the  experimental  rotation  at  Kothamsted, 
for  which  a  full  manure,  both  mineral  and  nitrogenous,  is  applied  for 
the  Turnips  commencing  each  course.  The  whole  of  the  crops,  roots 
and  leaves  in  the  case  of  the  Turnips,  and  both  corn  and  straw  in  that 
of  the  Cereals  and  the  Beans,  are  removed  from  the  land,  and  the 
figures  show  the  average  amounts  of  nitrogen  in  the  crops  over  8 
courses  in  each  case,  that  is  over  a  period  of  32  years  in  all. 


TABLE  III. 

Yield  of  Nitrogen  in  Crops  grown  in  four-oourse  rotation,  with  artificial  mineral  and 

nitrogenous  manures. 
8  courses,  32  years,  1852-1883. 


1.  Swedish  Turnips 

2.  Barley 

g   i  Clover  (2  courses) 
\  Beans  (6  courses) 

Average  Clover  and  Beans 
4.     Wheat 

Average  of  all  crops  . . 


Average  yield 
of  Nitrogen 

per  acre 
per  annum. 


lbs. 

80-6 

40-7 


167-0 
63-6 


89-5 
43-7 


63-6 


If  we  compare  the  amounts  of  nitrogen  in  these  crops,  for  which 
nitrogenous  as  well  as  mineral  manures  were  applied,  with  those 
obtained  in  a  corresponding  rotation  but  without  nitrogenous  manure, 
as  shown  in  Table  I.  (p.  3),  it  is  seen  that  every  one  of  the  crops, 
the  Roots  for  which  the  manure  was  directly  applied,  the  Cereals,  and 
the  Leguminous  crops,  all  yield  much  more  nitrogen  than  when  no 
nitrogenous  manure  was  applied.  The  amounts  of  nitrogen  obtained 
in  the  Cereals  are  about  the  same  as,  or  perhaps  rather  less  than,  in 
average  good  crops  grown  in  ordinary  farm  practice.  The  amounts 
obtained  in  the  Turnips  are  also  perhaps  rather  less  than  in  average 
good  crops,  and  considerably  less  than  in  a  good  crop  of  Mangel- 
Wurzel.  The  amounts  in  the  Beans  are  also  less  than  in  a  good  crop 
of  Beans,  grown  on  suitable  Bean-land,  but  the  amounts  in  the  Clover 
are  more  than  in  the  average  of  crops  grown  in  ordinary  rotation. 

Taking  the  results  as  they  stand,  it  is  seen  that,  both  the  Roots  and 
the  Leguminous  crops  accumulate  much  more  nitrogen  than  either  of 
the  Cereals  grown  in  alternation  with  them.  Lastly,  whilst  the  average 
yield  of  nitrogen,  per  acre  per  annum,  over  32  years  was,  without 
nitrogenous  manure  only  38*6  lbs.  (see  Table  L),  it  is,  with  nitrogenous 
manure,  63*6  lbs. ;  and  compared  with  this  latter  amount,  it  may  be 
mentioned  that,  in  a  similarly  manured  rotation,  but  with  fallow  instead 
of  a  leguminous  crop  in  the  third  year,  the  annual  yield  of  nitrogen 
was  only  39  9  lbs. 
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PERCENTAGE  OF  NITROGEN,  IN  THE  DRY  SUBSTANCE  OF 

VARIOUS  CROPS. 

Not  only  is  the  yield  of  nitrogen  per  acre  much  less  in  the 
Cereal  crops,  but  the  percentage  of  nitrogen  in  the  dry  substance  of 
the  Gramineous  produce  is  much  less  than  in  that  of  the  Leguminous 
produce.  This  is  illustrated  in  Table  lY.  (below),  which  shows  the 
average  percentage  of  nitrogen  in  the  dry  substance  of  various  crops. 


TABLE  IV. 
Average  Percentage  Nitrogen  in  the  dry  sabstance  of  yarions  Crops. 


Com 

or 
Roots. 

Stnw 

or 
Leaf. 

Wheat 

Per  cent. 
2-12 
1-96 
2-33 
1-93 

4-24 
4-71 

2-25 
2-22 
2-27 
1-76 

1-00 

Pcrcmt. 
0-54 

Barley  . .        . .        . .        .  •        . .        . .        . .        . . 

0-47 

Oats 

0-60 

Maize    . .        . .        . .        . .        . .        • .        .  *        . . 

Peas 

1-21 

Beans    ..        ..        •.        ..        ..        ..        ..        ..        *. 

1-09 

WhiteTnmipe          

YeUow  Turnips         

Swedish  Turnips 

Mangel  WiuEel         

Potatoes         

3-7 

40 
2-9 

Hay. 

». 

J 

"MmAq-w  Hfty  . .                      . . 

~p7Q 

Clover  Hay 

21 

B9 

Thus  it  is  seen,  that  the  com  of  the  Leguminous  crops,  Beans  and 
Peas,  contains  more  than  twice  as  high  a  percentage  of  nitrogen  in  its 
dry  substance  as  that  of  the  Gramineous  grains.  The  dry  substance  of 
the  Leguminous  straws,  also  contains  about  twice  as  high  a  percentage 
of  nitrogen  as  that  of  the  Cereal  straws.  Again,  the  dry  substance  of 
Clover-hay  contains  not  far  short  of  twice  as  much  nitrogen  as  that  of 
Meadow-hay.  Lastly,  the  dry  substance  of  the  Roots  contains  about 
the  same  percentage  of  nitrogen  as  that  of  the  Cereal  grains,  but  only 
about  half  as  much  as  that  of  the  Leguminous  com.  The  leaves  of 
the  Root-crops  are,  however,  high  in  nitrogen. 

The  general  result  is,  then,  tliat  the  72&n-Lcguminous  crops,  especially 
those  of  the  Gramineous  family,  are  characterised,  both  by  yielding 
much  less  nitrogen  in  their  produce  over  a  given  area,  and  by  contain- 
ing a  much  lower  percentage  of  nitrogen  in  their  dry  substance,  than 
the  Leguminous  crops.  Bearing  these  facts  in  mind,  let  us  now  turn 
to  the  consideration  of  the  efifects  of  direct  nitrogenous  manures  on 
the  various  crops. 
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EFFECES  OF  NITROGENOUS  MANURES  IN   INCREASING  THE 

PRODUCE  OF  VARIOUS  CROPS. 

I  need  not  remind  you  that^  under  the  conditions  in  which  the 
crops  are  grown  in  ordinary  agriculture,  nitrogenous  manures  have 
very  marked  effects  in  increasing  the  amounts  of  produce  of  Wheat,  of 
Barley,  of  Turnips,  of  Mangels,  and  of  Potatoes ; — that  is,  of  the 
comparatively  low-in-nitrogen  n(?n-Leguminous  crops.  For  detailed 
evidence  on  the  point,  I  may  refer  you  to  my  former  lectures  relating 
to  these  various  crops.  But  I  may  recall  to  mind  the  fact  that — in  the 
case  of  Wheat  and  Barley  the  increased  produce  consists  characteristically 
of  the  non-nitrogenous  substances  starch  and  cellulose,  in  that  of  the 
Boot-crops  of  the  non-nitrogenous  substance  sugar,  and  in  that  of 
Potatoes  of  the  non-nitrogenous  substance  starcL 

Table  V.  (p.  10),  illustrates  very  strikingly  the  influence  of 
nitrogenous  manures  in  increasing  the  production  of  the  non-nitrogenous 
constituents  of  our  crops. 

The  first  column  of  figures  shows,  the  estimated  amounts  of  carbon, 
per  acre  per  annum,  in  the  total  produce  of  Wheat  and  of  Barley, 
in  the  roots  of  Sugar-Beet  and  Mangel-Wurzel,  in  the  tubers  of 
Potatoes,  and  in  the  total  produce  of  Beans ;  in  each  case  when 
grown  by  a  complex  miner^  manure  without  nitrogen,  and  also 
with  the  same  mineral  manures  with  nitrogenous  manure  in  addition. 
The  second  column  shows  the  estimated  gain  of  carbon ;  that  is,  the 
increased  amount  of  it  assimilated  under  the  influence  of  the  nitrogenous 
manures.  The  third  column  shows  the  estimated  increased  produc- 
tion of  total  carbohydrates,  under  the  influence  of  the  nitrogenous 
manures ;  and  the  last  column  the  estimated  gain  of  carbohydrates  for 
1  of  nitrogen  in  manure. 

The  mode  of  calculating  the  amounts  of  carbon  and  of  carbohydrates 
is  as  follows.  From  the  amount  of  dry  substance  in  the  crops,  the 
amounts  of  mineral  matter  and  of  nitrogenous  substance  are  deducted; 
and  the  remainder  represents  the  amount  of  carbohydrates.  The 
amount  of  carbon  in  the  nitrogenous  substance  is  calculated ;  and  then 
that  in  the  carbohydrate,  on  the  assumption  that,  in  the  Wheat, 
Barley,  and  Beans,  starch  and  cellulose  are  the  main  products ;  in  the 
Sugar-Beet  and  Mangel-Wurzel,  cane-sugar,  pectine,  and  cellulose  ;  and 
in  the  Potatoes,  starch  and  cellulose.  Such  estimates  can,  obviously, 
only  be  approximations  to  the  truth ;  but,  accepted  as  such,  they  are 
useful,  as  conveying  some  definite  impression,  of  the  influence  of 
nitrogenous  manures  on  carbon-assimilation,  and  on  carbohydrate- 
formation. 

As  Table  V.  shows,  the  calculations  are  based  on  the  average 
produce,  by  the  different  manures,  of  Wheat  over  20  years,  of  Barley 
over  20  years,  of  Sugar-Beet  over  3  years,  of  Mangel-Wurzel  over  8 
years,  of  Potatoes  over  10  years,  and  of  Beans  over  8  years. 

It  is  thus  seen  that,  independently  of  the  underground  growth,  the 
Wheat  was  estimated  to  assimilate  988  lbs.  of  carbon  per  acre  per 
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annum,  under  the  influence  of  a  complex  mineral  manure  alone ;  and 
that  the  amount  was  increased  to  1,590  lbs.  by  the  addition  of  43  lbs. 
of  nitrogen  as  ammonium-salts,  to  2,222  lbs.  by  86  lbs.  of  nitrogen  as 
ammonium-salts,  and  to  2,500  lbs.  by  86  lbs.  nitrogen  as  sodium- 
nitrate.  Accordingly,  as  shown  in  the  second  column,  the  increased 
assimilation  of  carbon  was,  by  43  lbs.  of  nitrogen  as  ammonium-salts 
602  lbs.,  by  86  lbs.  as  ammonium-salts  1,234  lbs.,  and  by  86  lbs.  as 
sodium-nitrate  1,512  lbs. 

TABLE  V. 

Estimatefl  of  the  Yield  and  Oain  of  Carbon,  and  of  the  Oain  of  Caibohydrates,  per 
acre  per  annum,  in  yariouB  Experimental  Crope,  grown  at  Rothamsted. 


Carbon. 


Actual. 


Gain. 


Carbohydntea. 


Gain. 


Fori 
Nitrogen 

in 
Kanure. 


Whbat  20  yean,  1852-1871. 


Mineral 
Mineral 
Mineral 
Mineral 


Manure  .. 
Manure  and 
Manure  and 
Manure  and 


431b0.  Nitrogen  as  Ammonia. . 
Seibs.  Nitrogen  as  Ammonia. . 
861b0.  Nitrogen  as  Nitrate 


Ibe. 

Iba. 

Iba. 

988 

1590 

602 

1240 

2222 

1234 

2550 

2500 

1512 

3140 

lbs. 

28*8 
29-7 
36-5 


Bablby  20  years,  1852-1871. 

Mineral  Manure  . .    ' 

Mineral  Manure  and  43lbs.  Nitrogen  as  Ammonia. . 

1138 
2088 

950 

1992 

46-3 

SroAB-BBBT  3  years,  1871-1873. 


Mineral 
Mineral 
Mineral 


Manure  .. 
Manure  and 
Manure  and 


861bs.  Nitrogen  as  Ammonia. . 
861be.  Nitrogen  as  Nitrate 


^371 
471 


Manobl  Wubzbl  8  years,  1876-1883. 


Mineral 
Mineral 
Mineral 


Manure  .. 
Manure  and 
Manure  and 


86Tb8.  Nitrogen  as  Ammonia. . 
861b6.  Nitrogen  as  Nitrate 


27-6 
32-2 


Potatoes  10  years,  1876-1885. 


Mineral 
Mineral 
Mineral 


Manure  .. 
Manure  and 
Manure  and 


86Ib8.  Nitrogen  as  Ammonia. . 
861bs.  Nitrogen  as  Nitrate 


1021 
1783 
1752 


762 
731 


1507 
'1416 


17-5 
16-5 


Bbans  8  years,  1862  and  1864-187( 

1. 

Mineral  Manure 

Mineral  Manure  and  86Ibs.  Nitrogen  as  Nitrate 

726 
992 

266 

474 

5-5 

Reckoned  in  the  same  way,  the  increased  assimilation  of  carbon  in 
the  Barley  was,  for  43  lbs.  nitrogen  as  ammonium-salts,  950  lbs.  per 
acre ;  that  is  one-and-a-half  time  as  much  as  by  the  same  application  in 
the  case  of  wheat 

In  the  Sugar-Beet  (the  roots  only),  the  increased  assimilation  of 
carbon  was  1,477  lbs.  per  acre  by  the  application  of  86  lbs.  nitrogen  as 
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ammonium-salts,  and  1,908  lbs.  by  86  lbs.  nitrogen  as  sodium-nitrate. 
There  is,  therefore,  considerably  more  increased  assimilation  of  carbon 
in  the  produce  of  Sugar-Beet  than  in  that  of  Wheat  by  the  same 
applications  of  nitrogenous  manure. 

In  Mangel- Wurzel  roots  the  increased  assimilation  of  carbon  was 
1,130  lbs.  by  86  lbs.  of  nitrogen  as  ammonium-salts,  and  1,370  lbs.  by 
86  lbs.  as  nitrate ;  that  is  less  than  in  the  removed  crops  (corn  and 
straw)  of  Wheat,  and  considerably  less  than  in  the  removed  crops  (the 
roots)  of  Sugar-Beet 

In  the  case  of  the  Potatoes,  reckoned  on  the  increased  production 
of  tubers  only  (the  tops  being  left  on  the  land),  the  increased  yield  of 
carbon  by  86  lbs.  of  nitrogen  as  ammonium-salts  is  762  lbs.  per  acre,  and 
by  86  lbs.  as  sodium-nitrate  731  lbs.  That  is  to  say,  there  is*  considerably 
less  increased  production  of  starch  in  Potatoes,  than  of  sugar  in  Sugar- 
Beet,  or  Mangel- Wurzel,  by  the  same  applications  of  nitrogenous  manure. 

Lastly,  in  the  Leguminous  crop.  Beans,  with  its  high  yield  of 
nitrogen  per  acre,  and  the  high  percentage  of  nitrogen  in  its  dry 
substance,  the  increased  assimilation  of  carbon  under  the  influence  of 
nitrogenous  manure  was  comparatively  quite  insignificant.  Thus,  there 
was,  by  the  application  of  86  lbs.  of  nitrogen  as  sodium-nitrate,  an 
increased  assimilation  of  carbon  of  only  266  lbs.  per  acre  ;  or  little  more 
than  one-sixth  as  much  as  in  Wheat,  and  little  more  than  one-eighth 
as  much  as  in  Sugar-Beet,  by  the  same  application. 

Turning  to  the  figures  in  the  third  column,  it  is  seen  that  the 
estimated  mcreased  production  of  the  non-nitrogenous  carbohydrates, 
by  the  use  of  nitrogenous  manures,  was  very  great. 

Thus,  by  the  use  of  43  lbs.  of  liitrogen  as  ammonium-salts,  there  is 
an  estimated  increase  of  1,240  lbs.  of  carbohydrates  in  Wheat,  and  of 
1,992  lbs.  in  Barley.  By  the  application  of  86  lbs.  of  nitrogen  as 
ammonium-salts,  there  was  an  increased  formation  of  carbohydrates  of 
2,550  lbs.  in  Wheat,  of  3,188  lbs.  in  Sugar-Beet,  of  2,376  lbs.  in 
Mangel- Wurzel,  and  of  only  1,507  lbs.  in  Potatoes;  and  when  86  lbs. 
were  applied  as  sodium-nitrate,  there  was  an  increased  production  of 
3,140  lbs.  in  Wheat,  of  4,052  lbs.  in  Sugar-Beet,  of  2,771  lbs.  in 
Mangel-Wurzel,  and  of  only  1,416  lbs.  in  Potatoes.  Whilst,  compared 
with  these  amounts,  there  was,  by  the  same  application,  an  increase 
of  only  474  lbs.  of  carbohydrates  in  Beans. 

The  last  column  shows  the  estimated  increased  amounts  of  carbo- 
hydrates produced  for  1  of  nitrogen  in  manure,  in  the  different  cases. 
Thus,  when  43  lbs.  of  nitrogen  were  applied  as  ammonium-salts,  1  lb.  of 
nitrogen  in  manure  gave  an  increased  production  of  28*8  lbs.  of  carbo- 
hydrates in  wheat,  and  of  46*3  lbs.  in  Barley;  when  86  lbs.  nitrogen 
were  applied  as  ammonium-salts,  1  lb.  gave  an  increase  of  29 '7  lbs. 
carbohydrates  in  Wheat,  37-1  lbs.  in  Sugar-Beet,  27  6  lbs.  in  Mangel- 
Wurzel,  and  17 '5  lbs.  in  Potatoes.  Again,  when  86  lbs.  were  applied 
as  sodium-nitrate,  1  lb.  gave  an  increase  of  36*5  lbs.  carbohydrates  in 
Wheat,  47-1  lbs.  in  Sugar-Beet,  32*2  lbs.  in  Mangel-Wurzel,  16*5  lbs. 
in  Potatoes,  and  only  5*5  lbs.  in  the  Leguminous  crop — ^Beans. 
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It  is  nataral  to  ask — what  is  the  explanation  of  the  apparently 
anomalous  result,  that  the  crops  which  are  characterised  by  containing 
comparatively  little  nitrogen,  and  by  yielding  large  amounts  of  non- 
nitrogenous  products — starch,  sugar,  and  cellulose — are  especially 
benefited  by  the  application  of  nitrogenous  manures ;  and  that,  under 
their  influence,  they  yield  greatly  increased  amounts  of  those  non- 
nitrogenous  bodies  1 

It  is,  perhaps,  little  more  than  stating  the  facts  in  another  way  to 
say,  as  is  the  case,  that  the  luxuriance,  or  activity  of  growth,  of  all 
these  crops,  is  very  greatly  enhanced  by  nitrogenous  manures;  and 
that,  since  their  special  products  are  these  non-nitrogenous  substances, 
the  natural  result  of  the  increased  luxuriance  is  to  increase  the 
formation  of  the  bodies  which  are  their  essential  or  characteristic 
products. 

A  further  possible  explanation  of  the  curious  results  has,  however, 
been  suggested.* 

Thus,  on  purely  chemical  and  physiological  grounds,  and,  so  far  as 
would  appear,  without  any  special  reference  to  the  fact  that,  in  the  case 
of  our  chief  starch  and  sugar  yielding  crops,  the  production  of  those 
substances  is  greatly  enhanced  by  the  use  of  nitrogenous  manures,  it 
has  been  suggested  that  the  substance  first  formed  in  the  chlorophyll- 
corpuscle,  from  carbon-dioxide  and  water,  is  not  starch,  but  a  substance 
possibly  allied  to  formic  aldehyde  (CHgO),  which  goes  to  construct 
proteid,  by  combining  with  the  nitrogen  and  sulphur  absorbed  in  the 
form  of  salts  from  the  soil,  or  with  the  nitrogenous  residues  of  previous 
decompositions  of  proteid.  It  is  supposed,  nowever,  that  starch  may, 
nevertheless,  be  the  first  visible  product  of  the  constructive  metabolism ; 
since,  unless  protoplasm  were  being  formed,  no  starch  could  be 
produced. 

This  view  is  partly  founded  on  the  consideration  of  the  analogy 
that  would  then  be  established,  between  the  formation  of  starch  and 
that  of  the  carbohydrate — cellulose ;  which  is  by  some  experimenters 
supposed  to  be  derived  directly  from  protoplasm. 

It  is  true,  that  such  a  supposition  is  at  any  rate  not  inconsistent 
with  the  conditions  which  we  have  seen  to  be  favourable  for  the 
increased  production  of  starch  and  sugar  in  agricultural  plants.  At 
the  same  time,  it  is  admittedly  at  present  little  more  than  hypothesis. 
It  would,  indeed,  require  more  evidence  than  is  at  present  available,  to 
establish  such  a  conclusion ;  whilst  there  are  considerations  which  would 
lead  us  to  hesitate  to  adopt  the  view  in  question,  without  clear 
experimental  proof. 

Thus,  it  seems  difficult  to  suppose,  that  the  undoubted  connection 
in  some  striking  cases,  between  the  amount  of  nitrogen  taken  up  by 
the  plant,  and  the  amount  of  starch  or  sugar  formed,  is  to  be  explained 
by  an  assumption  which  implies  that  a  chief  ofSce  of  the  nitrogenous 
bodies  of  plants  is  to  serve  as  intermediate  only,  in  the  transformations 

*  See  Vines'  Lectures  on  the  "  Physiology  of  Plants,"  p.  140,  et  9eq. 
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necessary  for  the  formation  of  the  non-nitrogenous  substances.  The 
view  does  not,  however,  assume  that  nitrogen  is  eliminated  from  the 
plant  in  the  process,  and  so  lost 

Then,  again,  plants  such  as  many  of  the  Leguminosse,  which  are 
characterised  by  assimilating  relatively  very  large  amounts  of  nitrogen 
over  a  given  area  of  land,  and  by  the  formation  of  very  large  amounts 
of  proteid  in  proportion  to  plant  surface,  produce  relatively  small 
amounts  of  the  carbohydrates. 

Nor  is  it  irrelevant  to  refer  to  the  fact  that,  from  theoretical  consi- 
derations, it  was  for  many  years  assumed,  especially  in  Germany,  in 
opposition  to  the  teachings  of  our  own  numerous  direct  experiments, 
that  in  the  animal  body  the  non-nitrogenous  substance — fat — was 
mostly,  if  not  always,  produced  by  the  degradation  of  proteid ;  the 
nitrogenous  bye-products  being  for  ihe  most  part,  if  not  entirely, 
eliminated  from  the  body  as  waste  matter.  It  is,  however,  now 
indubitably  established,  at  any  rate  in  the  cases  of  the  Aerbivora  which 
produce  the  most  fat,  that  that  substance  is  derived  largely,  if  not 
exclusively,  from  the  non-nitrogenous  constituents  of  the  food — the 
carbohydrates. 

In  the  case  of  the  supposed  transformation  in  plants,  the  same 
prodigal  expenditure  of  the  nitrogenous  bodies  in  the  formation  of  the 
non-nitrogenous  is,  however,  as  has  been  said,  not  involved. 

EFFECTS  OF  NITROGENOUS  MANURES  ON  LEGUMINOUS  CROPS. 

Such  are  the  very  marked  effects  of  nitrogenous  manures  in 
increasing  the  amounts  of  produce,  and  especiaUy  in  increasing  the 
production  of  non-nitrogenous  constituents,  when  applied  to  our  non- 
Leguminous,  and  comparatively  low  in  nitrogen,  crops.  I  have  now  to 
illustrate  the  influence  of  nitrogenous  manures  on  various  Leguminous 
crops,  which,  on  the  other  hand,  are  characterised  by  containing  a 
high  percentage  of  nitrogen  in  their  dry  substance,  and  by  assimilating 
a  large  amount  of  nitrogen  from  some  source  over  a  given  area  of  land. 
It  will  be  seen  that  the  results  to  which  I  have  to  direct  attention  will 
bring  to  view  some  very  remarkable  failures,  but  also  some  not  less 
signal  and  significant  successes. 

My  first  illustrations  relate  to  experiments  with  Beans,  grown  for 
many  years  in  succession  on  the  same  land — without  manure,  with  a 
purely  mineral  manure  (consisting  of  superphosphate  of  lime,  and  salts 
of  potash,  soda,  and  magnesia),  also  with  the  same  mineral  manure, 
and  nitrogenous  manure  ia  addition,  supplied  either  as  ammonium- 
salts,  or  as  sodium-nitrate.  The  results  are  recorded  in  Table  VI. 
(p.  14). 

It  is  seen  that  the  record  relates  to  a  period  of  32  years  of  continued 
or  interrupted  experiment  with  Beans,  from  1847  to  1878  inclusive. 

The  first  three  columns  show  the  produce  of  the  corn,  the  second 
three  that  of  the  straw,  and  the  third  three  that  of  the  total  produce, 
com  and  straw  together ;  each  under  three  conditions  as  to  manuring. 
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RBSULTS  OF  EXPERIMENTS  AT  ROTHAMSTED, 


TABLE  VI. 

BEANS. 

Grown  year  after  year  on  the  same  land,  Oeescroft  Field,  Rothamsted. 

Results,  wi^oat  Manure,  with  Mineral  Manure,  and  with  Mineral  and  Nitrogenous 

Manure. 
Produce  per  acre,  each  year,  in  lbs. 


Yean. 

Total  Com. 

Total  Straw. 

Total  Produce 
(Com  and  Straw). 

Mixed 

Mixed 

Mixed 

Mixed 

Mixed 

Mixed 

Mineral 

Mineral 

Mineral 

Mineral 

Mineral 

Minenl 

• 

Unma- 

Manure 

Manure 

Unma- 

Manure 

Manure 

Umna- 

Manure 

Mannre 

nured. 

(inclu- 

and Ni- 

nured. 

(inclu- 

and Ni- 

nured. 

(inclu- 

and Ni- 

ding 
Potash). 

trogen. 

ding 
Potaab). 

trogen. 

(1) 

ding 
Potaab). 

trogen. 

(1) 

Iba. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1847 

1611 

1697 

1746 

2125 

1969 

2185 

8786 

8666 

3931 

• 

1848 

1890 

1881 

2048. 

1268 

1532 

1730 

2669 

8368 

3778 

1849 

2173 

(2890) 

2260 

1641 

(2) 

1743 

8814 

(2) 

3993 

1860 

1071 

1432 

1679 

1070 

1312 

1441 

2141 

2744 

8120 

1851 

2074 

8816 

8654 

1920 

8279 

8668 

8994 

6694 

71SS 

1862 

697 

866 

1007 

820 

1286 

1541 

1617 

8141 

2548 

1868 

260 

462 

665 

489 

802 

992 

749 

1264 

1547 

1864 
1866 

365 

1428 

1266 

394 

1272 

1138 

769 

2696 

2899 

987 

966 

889 

770 

828 

788 

1757 

1784 

1677 

1866 

766 

1027 

1668 

806 

1914 

1900 

1668 

3541 

8468 

1867 

732 

660 

648 

676 

644 

686 

1408 

1304 

1284 

1858 

126 

640 

612 

664 

1892 

1800 

780 

2032 

1912 

1869 

142 

852 

401 

196 

416 

498 

838 

768 

899 

1860 

fVUlow 

1861  (8) 

(2156) 

(2434) 

(2609) 

(8869) 

(4696) 

(4742) 

(6025) 

(7030) 

C7251) 

1862 
1868 

618 

1014 

1479 

930 

2256 

8064 

1448 

8270 

4543 

Fallow 

1864 

188 

1672 

1837 

960 

2668 

2468 

1098 

4240 

4306 

1865 

261 

614 

1296 

704 

1080 

2180 

966 

1894 

8476 

1866 

142 

316 

914 

817 

628 

1190 

459 

944 

2104 

1867 

49 

881 

604 

280 

1262 

1360 

329 

1633 

1964 

1868 

48 

384 

478 

533 

930 

1203 

581 

1314 

1681 

1869 

106 

926 

1303 

388 

1394 

1607 

444 

2320 

2910 

1870 

1871 
1872 

468 

450 

615 

616 

483 

538 

974 

933 

1148 

Crop  de 
Fallow 

atroyed 

by  sevei 

e  winter 

1873 

Fallow 

1874 

1259 

1899 

2087 

944 

1328 

1568 

2203 

3227 

8666 

1875 

1193 

882 

1114 

1674 

1988 

2676 

2867 

2870 

3690 

1876 

Fallow 

1877 

674 

1974 

1685 

722 

1809 

1533 

1396    3783 

3218 

1878 

148 

949 

1108 

301 

1216 

1496 

449    2165 

t 

'  8604 

1 

Average  per  acre  per  annum,  over  each  period  of  8  years,  and  the  total  period  of 

32  years. 


6  yrs.,  1847-1854 
8  ym.,  ia'55-1862 
8  yrs.,  1863-1870 
8  yia.,  1871-1878 

1205 
676 
150 
409 

1678  (4) 
960 
580 
713 

17&3 

1013 

881 

749 

1216 
988 
456 
456 

1636  (4) 
1606 
1042 
793 

1792 

1616 

1317 

897 

2421 

1664 

606 

864 

3206(4) 
2466 
1622 
1606 

3556 

2629 
2198 
1646 

82  yrs.,  1847-1878 

610 

937(5) 

1102 

779 

1281  (6) 

1406 

1889 

2168  (6) 

8507 

Average  per  acre  per  annum,  over  the  years  of  crop  only,  each  period. 


lat    8  yrs.,  8crope 

2nd  8  yrs.,  7  crops 

8rd   8  yrs.,  7  crops 

4th  8  yrs.,  4  crops 

82  yrs.,  26  crops 


1206 
773 
171 

819 


761 


1673  (6) 
1097 
663 

1426 


1763 
1158 
1007 
1499 


1162  (7) 


1366 


1216 

1129 

521 

910 


1635(6; 

1721 

1191 

1585 


1792 
1847 
1606 
1793 


958  1 1526  (7)  I  1730 


2421 

1902 

692 

1729 


1709 


3206(6) 
2818 
1854 
3011 


2686(7) 


3566 

9006 
2513 
3292 


3066 


CI)  6  years,  1817-1851,  46  lbs.  Nitrogen  as  Ammonium  Salts;  11  years,  1862, 1864-1870,  1875, 
1876,  and  1878, 86  lbs.  Nitrogen  as  Sodium  Nitrate.  (2)  Accidentally  not  weighed.  (8)  Wheat. 
(4)  7  yean,  excluding  1849.  (6)  81  years,  excluding  1849.  (6)  7  crops,  excluding  1849.  (7) 
35  crops,  excluding  1849. 
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It  should  be  farther  explained  that,  in  the  first  5  years,  the  nitrogen 
applied  to  the  third  plot  was  in  the  form  of  ammonium-salts.  The 
effects  were,  however,  so  small  and  irregular,  that  the  application  of 
nitrogenous  manure  was  then  suspended  for  some  years  ;  indeed  for  10 
years,  when,  it  having  been  observed  that  nitrates  were  more  beneficial 
to  Leguminosa;  than  ammonium-salts,  sodium-nitrate  was  applied 
instead ;  in  amount  supplying  86  lbs.  nitrogen  per  acre  per  annum,  or 
nearly  twice  as  much  as  had  been  given  as  ammonium-salts  in  the  earlier 
years.  This  application  of  the  nitrate  cominenced  in  1 862  ;  and  with 
some  breaks,  owing  to  severe  or  wet  winters,  which  prevented  the  seed 
being  sown,  or  destroyed  the  plant,  it  was  continued  up  to  1878,  when 
the  experiments  were  finally  abandoned. 

Eeferring  to  the  results,  a  glance  at  the  Table  shows  that,  inde- 
pendently of  fluctuations  obviously  due  to  season,  there  were  frequent 
entire  failures,  whiqh  were  also  more  or  less  due  to  season,  but  which 
were  also  dependent  partly  on  the  conditions  induced  in  the  land  by 
the  continuous  cropping  with  this  plant;  which,  as  is  the  case  with 
most  Leguminosee,  is  very  susceptible  to  parasitic  attacks  of  various 
kinds,  when  the  conditions  of  growth  are  not  normal  and  favourable. 
Indeed,  it  is  seen  that,  even  when  there  was  not  absolute  failure,  there 
was  a  general  tendency  to  decline  in  yield,  and  then  to  recover  again, 
more  or  less,  after  a  break.  This  was  somewhat  marked  after  a  year 
of  Fallow  in  1860,  and  the  growth  of  Wheat  in  1861 ;  after  which 
there  was,  in  1862,  fair  produce,  especially  on  the  third  plot,  where  the 
nitrate  was  now  applied.  The  land  was  again  Fallow  in  1863,  and 
this  was  again  followed  by  improved  growth ;  after  which  there  was 
declining  produce  for  a  number  of  years  to  1870  inclusive,  and  again 
recovery  in  1874,  after  3  years  of  Fallow.  This  general  view  of  the 
results  is  of  interest,  as  fixing  attention  on  the  great  tendency  to 
failure  of  this  Leguminous  crop,  when  grown  year  after  year  on  the 
same  land. 

Turning  to  the  effects  of  the  different  manures,  it  will  suffice  to 
direct  attention  to  the  last  three  columns  of  the  Table,  which  record 
the  amounts  of  total  produce,  that  is  com  and  straw  together,  under 
each  of  the  three  conditions  as  to  manuring. 

Disregarding  the  results  of  the  first  year,  when '  the  unmanured 
plot  gave  relatively  high  produce,  it  is  seen  that,  although  there  are 
irregularities,  there  is  generally,  whether  the  crops  are  large,  or  small, 
a  considerable  increase  of  produce  by  the  use  of  the  mineral  manure 
containing  potash,  but  there  is  comparatively  little  further  increase  by  the 
addition  of  nitrogenous  to  the  mineral  manure.  Thus,  as  shown  in  the 
bottom  division  but  one  of  the  Table,  the  average  annual  total  produce, 
over  the  32  years  (which  however  included  7  without  any  Bean  crop) 
was — without  manure,  1,389  lbs.,  with  the  mineral  manure  alone  2,168 
lbs.,  and  with  the  mineral  and  nitrogenous  manure  together  2,507  lbs. 
That  is  to  say,  whilst  the  mineral  manure  without  nitrogen  gave  an 
average  annual  increase  of  779  lbs.,  the  addition  to  it  of  nitrogenous 
manure  only  further  raised  the  produce  by  339  lbs. 
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Or  if,  instead  of  taking  the  average  of  the  32  years,  we  take  it  only 
over  the  26  years  in  which  there  was  any  Bean  crop,  the  average  totjJ 
produce  was — without  manure  1,709  lbs.,  with  purely  mineral  manure 
2,688  lbs.,  and  with  the  mineral  and  nitrogenous  manure  together, 
3,086  lbs. ;  that  is,  there  was  an  annual  average  increase  of  979  lbs.  by 
the  mineral  manure  containing  potash,  and  of  only  398  lbs.  more  by 
the  addition  of  nitrogenous  manure. 

The  details  further  show  that — without  manure,  the  total  produce 
of  two  of  the  last  8  years  was  only  exceeded  three  or  four  times  during 
the  whole  period,  namely  during  the  first  five  years; — with  mineral 
manure  alone,  the  total  produce  of  2  of  the  last  8  years  was  only 
exceeded  four  or  five  times ; — and  with  the  mineral  and  nitrogenous 
manure  together,  the  total  produce  of  2  of  the  last  8  years  was  only 
exceeded  six  times.  Indeed,  on  both  of  the  manured  plots,  the  average 
total  produce  over  the  last  4  years  of  actual  crop,  was  nearly  as  much 
as  the  average  of  the  first  8  years  of  crop.  Thus,  with  the  purely 
mineral  manure,  the  average  total  produce  of  the  first  8  years  was 
3,208  lbs.,  and  over  the  last  4  years  of  crop  it  was  3,011  lbs.,  and  with 
the  mineral  and  nitrogenous  manure,  it  was  over  the  first  8  years 
3,555  lbs.,  and  over  the  last  4  years  of  crop  3,292  lbs.  It  will  be  seen 
further  on,  that  the  average  annual  yield  of  nitrogen  was  also  nearly 
as  great  over  the  last  4  years,  as  over  the  first  8  years,  of  crop. 

It  may  be  observed  that  nitrogen  supplied  as  ammonium-salts  to 
the  highly  nitrogenous  Leguminous  crops,  seldom  gives  any  increase, 
and  is  sometimes  injurious,  in  the  year  of  application ;  though  some 
benefit  may  afterwaixls  result  from  the  residue  after  the  ammonia  has 
been  converted  into  nitric  acid.  Even  nitrates,  however,  directly 
applied  as  manure,  are  very  uncertain  in  their  action,  and  at  any  rate 
yield  very  much  less  increase  of  produce  with  the  highly  nitrogenous 
LeguminossB,  than  with  the  Gramineae,  and  crops  of  other  families, 
yielding  produce  of  low  percentage  of  nitrogen  in  its  dry  substance, 
and  appropriating  comparatively  Tittle  nitrogen  over  a  given  area  of 
land. 

To  this  point  I  shall  have  to  refer  in  some  detail  further  on,  but  in 
the  meantime  it  is  to  be  specially  noted,  that  whilst  the  Cereal  crops 
may  be  successfully  grown  for  many  years  in  succession  on  the  same 
land,  provided  only  that  mineral  and  nitrogenous  manures  are  liberally 
supplied,  the  Leguminous  crop— Beans,  gradually  fails  when  so  grown ; 
and  although  characteristically  benefited  by  mineral  manures  containing 
potash,  neither  these  alone,  nor  a  mixture  of  mineral  and  nitrogenous 
manure,  has  sufficed  to  maintain  even  fair  growth  for  a  number  of 
years  in  succession. 

The  result  is,  however,  not  entirely  due  to  deficiency  in  the  supply 
of  constituents  within  the  soil,  but  is  also  in  a  considerable  degree 
dependent  on  the  fact  that,  by  the  continuous  growth  of  the  crop, 
with  its  special  habit,  and  range  of  roots,  the  surface  soil  acquires  a 
close  and  unfavourable  condition,  and  a  somewhat  impervious  pan  is 
formed  below.    The  improved  result  in  the  later  years,  with  the  inter- 
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yention  of  Fallow^  further  illustrates  the  fact  that  the  previous  failures 
were  not  wholly  due  to  exhaustion. 

The  next  Table,  VII.  (below),  shows  the  amounts  of  nitrogen  in 
the  Bean  crops,  the  produce  of  which  we  have  been  considering. 

TABLE  VII. 

BEANS. 
Grown  year  after  year  on  the  same  land,  with  different  Manures,  in  Oeescroft    . 

Field,  Rothamsted. 
Yield  of  Nitrogen,  lbs.       Average  per  acre,  per  annmn,  8-year  periods. 


FaiodB. 


JnCara. 


Unma- 


Mixed  I  Mixed 
Minoral  Mineral 


Manure 


nured.    (inclu- 

flini 


Po 


ting 
tadi). 


Manure 
and  Ni- 
trogen. 


In  Straw. 


Umna- 
jinred. 


Mixed  I  Mixed 
Mineral  Mineral 
Manure  Manure 


(inclu- 
ding 
Potadi). 


andNi- 
trogen. 


In  Total  Produce , 
(Com  and  Straw). 


Unma- 
nured. 


Mixed  I  Mixed 
Mineral ,  Mineral 
Manure;  Manure 
and  Ni- 
trogen. 

(1) 


(inclu- 
ding 
Potaah). 


Average  per  acre  per  annum,  over  each  period  of  8  years,  and  the  total  period  of 

32  years. 

Jbs. 
690 
86-8 
86*1 
28-7 


8  yia.,  1847-1864 
8  yrs.,  1865-1862 
8  yrs.,  1863-1870 
8  yra.,  1871-1878 

83  yrs.,  1847-1878 


lbs. 

lbs. 

lbs. 

lbs. 

IbB. 

lbs. 

IbB. 

lbs. 

890 

48-4(2) 

64-6 

9-4 

11-8  (2) 

14-6 

48-4 

60-2  (2) 

18-3 

24-4 

26*5 

7-0 

9-9 

10-3 

26-3 

84-8 

61 

160 

26-4 

4-1 

7-6 

8-7 

9-2 

28*6 

180 

21-2 

22-3 

3-4 

6-5 

6-4 

16*4 

26-7 

18-9 

26-8  (3) 

82*4 

6-9 

8-6  (8) 

10-0 

24-8 

85-4  (8) 

42*4 


Average  per  acre  per  annuaci,  over  the  years  of  crop  only,  each  period. 


Iflt  8  yrs. ,  8  crops 
2nd  8  yrs.,  7  crope 
8rd  8  yr8.»  7  crops 
4th  8  yrs.,  4  Gropfl 

390 

20-9 

6-8 

26-0 

48-4  (4) 
27-9 
18-3 
42-4 

54*6 
30-3 
801 
44-6 

9-4 
8-0 
4-6 
6-7 

11-8  (4) 
11-3 

a-6 

10-9 

14-6 

11-8 

9-9 

12-9 

48-4 
28-9 
10-4 
82-7 

60-2  (4) 
39*2 
26-8 
63-8 

690 
42-1 
40-0 
67-4 

82  yrs.,  1847-1878 ) 
26  orope           ) 

28-2 

38-8  (6) 

89-9 

7-8 

10-6  (6) 

12*8 

30-6 

43-9  (6) 

62-8 

(1)  6  years,  1847-1861,  46  lbs.*  Nitrogen  as  Ammonium  Baits ;  11  yean,  1862, 1864-1870, 1876, 
1876,  and  1878,  86  lbs.  Nitrogen  as  Sodium  Nitrate.  (2)  7  years,  excluding  1849.  (8)  31  years, 
excluding  1849.      (4)    7  crops,  excluding  1849.      (6)    25  croDS,  excluding  1849. 

Gehbbal  Note.— In  the  necond  8  years,  the  land  was  fallow  in  I860,  and  wheat  was  grown  in 
1861 ;  in  the  third  8  years,  1863  was  fallow ;  and  in  the  fourth  8  years,  toe  crop  failed  in  1871,  and 
the  land  was  lef .  fallow  in  1872,  1873,  and  1876. 

The  Table  is  on  the  same  plan  as  that  relating  to  the  produce,  but 
instead  of  results  for  every  year  of  the  32,  there  are  now  given  only 
averages,  in  the  upper  division  for  the  four  8  yearly  periods,  and  for  the 
total  period  of  32  years ;  and  in  the  lower  division  for  the  years  of 
crop  only,  within  each  period.  As  in  Table  VI.,  the  iSrst  three  columns 
give  for  each  of  the  three  conditions  as  to  manuring,  the  results  for  the 
corn,  the  second  three  for  the  straw,  and  the  last  three  for  the  total 
produce,  corn  and  straw  together.  It  will  suffice  to  direct  attention  to 
these  last  results. 

Referring  to  the  figures  in  the  upper  division^  it  may  be  observed 
that,  notwithstanding  there  were  6  blank  years,  and  1  year  of  wheat, 
out  of  the  32,  and  notwithstanding  that  the  produce  declined  much, 
and  gave  on  the  whole  much  less  than  the  average  obtained  under 
ordinary  agricultural  conditions,  yet  the  average  yield  of  nitrogen  in  the 

c 
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crops  grown  without  any  supply  of  it  was  mach  more  than  in  either  of 
the  Cereals,  the  Boot-crops,  or  Potatoes,  grown  under  similar  conditions. 

Thus,  as  the  bottom  line  of  the  upper  division  shows,  there  was  an 
average,  over  the  32  years,  of  24*8  lbs.  of  nitrogen,  per  acre  per 
annum,  in  the  crops  without  any  manure,  but  of  35*4  lbs.  with  the 
mineral  manure  without  nitrogen;  whilst  the  amount  was  raised  to 
only  42*4  lbs.  by  the  addition  of  nitrogenous  manure.  Over  the  first  8 
years,  however,  the  yield  was  very  much  higher,  being  for  the  three 
plots,  respectively,  48-4,  602,  and  690  lbs.  Over  the  second  period  of 
8  years  the  average  was  not  far  from  that  of  the  whole  32  years ;  but 
over  the  third  and  fourth  periods  it  was  much  less. 

As  in  the  case  of  the  total  produce  itself,  so  also  in  that  of  the 
nitrogen  in  the  total  produce,  if  we  take  the  averages  of  the  years  of 
crop  only,  as  given  in  the  bottom  division  of  the  Table,  we  have  a 
much  higher  average  yield  per  annum  over  the  4  years  of  crop  of  the 
last  8  years,  than  over  the  years  of  crop  of  either  the  second  or  the 
third  period  of  8  years.  Indeed,  on  the  two  manured  plots,  there  is  an 
average  annual  yield  of  nitrogen  per  acre,  over  the  4  years  of  crop 
during  the  last  8  years,  not  far  short  of  the  average  of  the  first  8  years. 
Thus,  with  the  purely  mineral  manure,  there  is  an  average  annual 
yield  of  nitrogen  over  the  first  8  years  of  60*2  lbs.,  and  over  the  4 
years  of  crop  of  the  last  8  years,  of  53*3  lbs. ;  and  with  the  mineral 
and  nitrogenous  manure  together,  over  the  first  8  years,  of  69*0  lbs., 
and  over  the  4  years  of  crop  of  the  last  8  years,  of  57*4  lbs. 

That  is,  with  the  intervention  of  Fallow,  we  have,  though  not 
good  agricultural  crops,  yet  really  large  yields  of  nitrogen,  compared 
with  those  obtained  in  many  of  the  preceding  years ;  and  very  large 
yields  without  any  supply  by  manure,  compared  with  those  obtained 
under  the  same  conditions  with  any  of  the  n(?n-Leguminous  crops.  It 
would  appear  probable,  therefore,  that  if  a  suitable  mechanical  condition 
of  the  land  could  have  been  maintained,  fair  crops,  and  large  yields  of 
nitrogen,  would  also  have  been  maintained. 

Upon  the  whole,  then,  although  the  crop  practically  failed,  when  it 
was  attempted  to  grow  it  year  after  year  on  the  same  land,  it  never- 
theless accumulated,  in  its  above-ground  produce,  much  more  nitrogen 
over  a  given  area  than  the  crops  of  the  other  families,  but  was  little 
benefited  by  an  artificial  supply  of  nitrogen. 

I  have  now  to  record  a  still  greater  failure,  with  another  crop  of 
the  Leguminous  family— namely,  Trifolium  pratense,  or  Bed  Clover. 
The  results  are  summarised  in  Table  YIII.  (p.  19). 

The  Table  is  headed  Bed  Clover  sown  frequently  on  the  same  land ; 
and  the  first  column  shows  that  the  period  of  experiment  was  29  years, 
from  1849  to  1877  inclusive.  But  the  details  show  that,  although 
Clover  was  sown  15  times,  in  only  7  of  the  29  years  was  any  Clover- 
crop  obtained ;  whilst  about  one-fifth  of  the  produce  of  the  whole  series  of 
years  was  yielded  in  the  first  year,  1849.  It  is,  indeed,  well  known  in 
agriculture,  that  Clover  will  not  grow,  under  ordinary  conditions,  more 
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frequently  than  once  in  a  certain  number  of  years,  which  varies 
according  to  soil  and  other  circumstances,  but  is  seldom  so  few  as 
four,  and  frequently  as  much  &»  8  years. 


TABLE  VIII. 

RED  CLOVER. 

Sown  ireqnently  on  the  aame  land,  in  HooeAeld,  Rothamsted. 

Total  Prodnoe,  per  acre  per  annum ;  Clover  as  Hay,  other  Crope  Com  and  Straw 

together. 


Tear. 


Descriptioii  of  Crop. 


8BRIEB  1. 

Mineral  Manure 
alone. 


SERIES  9. 

Ifineral  and 

Nitrc^genona 

Manures. 


1849 
1860 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1876 
1876 
1877 


Clover     

Wlieat 

Clover 

Clover     

Clover 

FaUow 

Clover 

Fallow 

Fallow 

Barley 

Clover 

Clover     

FaUow 

Barley 

FaUow 

Clover 

Clover 

.S.  1  Clover,  S.  2  Barley 

Fallow 

Clover 

Clover     

Barley 

Clover     

Fallow 

Fallow 

Clover 

Clover 

Fallow 

Barley 


lbs. 

10214 

(6261) 

2309 

6895 

No  crop. 

1281 


(6598) 

2752 

No  crop. 

(5745) 

No  crop. 
246f 
No  crop. 

No  crop. 

No  crop. 

(3328) 

No  crop. 


No  crop. 
427f 

(1864) 


Ibfl. 

10326 

(6345) 

2368 

4914 

No  crop. 

2606 


(7578) 

3087 

No  crop. 

(6730) 

No  crop. 

4500 

(2974) 

No  crop. 
Nocro] 
(3312) 


FaUow. 
FaUow. 

(1864) 


Summary.    Pbodxtcs. 

29  year,,  1849-1877..        -{l^^      W        ^ 
Tears  of  Crop  only..              Average 

52991 
1827 
4416 

60689 
2093 
4668 

Yearaof  Cloveronly(7)...{J^^       ;;        ;; 

29195 
4171 

31886 
4555 

SuMMAKT.    NxTBOGSN  (Estimated). 


29  yean,  1849-1877.. 
Yean  of  Crop  only. . 


I  Total.. 
•  *  \  Average 
. .    Average 


10481 
36-0 
80-2 


Yean  of  Clover  only  (7)  . .  {  J^^ 


765*8 
109-3 
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The  second  column  shows  that,  owing  to  the  failure  of  the  Clover, 
sometimes  a  cereal  crop,  Wheat  or  Barley,  was  sown ;  but  more  fre- 
quently the  land  was  left  Fallow.  The  produce  of  Wheat,  or  of  Barley,  is 
given  between  brackets. 

The  amounts  of  produce  entered  in  the  column  headed  Series  1,  axe, 
in  each  case,  the  means  of  those  on  3  plots,  each  of  which  occasionally 
received  a  mineral  manure  containing  potash ;  and  the  results  given 
in  the  column,  Series  2,  are  also  the  means  of  3  plots,  each  with  the 
mineral,  and  nitrogenous  manures  in  addition,  occasionally  applied. 

It  is  seen  that  very  large  crops  of  Clover  were  obtained  in  the 
first  year,  1849  ;  less  than  one-quarter  as  much  in  the  third  year,  1851 ; 
and  in  the  fourth  year  about  half  as  much  as  in  the  first  There  was 
then  no  more  Clover  until  the  seventh  year,  when  there  was  very  little. 
More  or  less  was  afterwards  obtained  in  'the  eleventh,  seventeenth, 
twenty-third  (on  one  plot),  and  lastly  (on  one  plot)  in  the  twenty-seventh 
year ;  but,  in  no  case  excepting  in  the  fourth  year,  was  the  amount 
of  produce  half  as  much  as  in  the  first  year. . 

Comparing  the  results  without,  and  with,  the  nitrogenous  manure, 
it  is.  shown,  in  the  summary  at  the  bottom  of  the  Table,  that  the 
average  annual  total  produce,  of  Clover-hay,  or  of  other  crops,  was, 
reckoned  over  the  29  years,  1827  lbs.  without,  and  2093  lbs.  with,  the 
nitrogenous  manure;  and,  reckoned  in  the  same  way,  the  average 
annual  yield  of  nitrogen  was,  without  nitrogenous  manure  32  lbs.,  and 
with  it  36*0  lbs.  Reckoned, 'however,  over  the  years  of  crop  only,  the 
yield  of  nitrogen  in  the  Clover  and  other  crops,  was,  77*5  lbs.  per  acre 
per  annum  without,  and  80*2  lbs.  with,  the  nitrogenous  manuring.  Or, 
reckoning  the  nitrogen  in  the  Clover  alone,  and  only  over  the  years 
when  it  gave  any  crop,  the  average  annual  yield  of  it  over  those  7  years 
was,  without  nitrogenous  manure  lOO'l  lbs.,  and  with  it,  109*3  lbs. 
There  w^,  therefore,  comparatively  little  increase,  either  in  the  produce, 
or  in  the  yield  of  nitrogen^  by  the  use  of  nitrogenous  manures. 

To  conclude  in  regard  to  these  experiments : — ^The  attempt  to  grow 
Clover  year  after  year  on  ordinary  arable  land,  by  means  of  such 
mineral  manures  as  increase  the  luxuriance  of  growth  when  there  is  a 
fair  plant,  or  even  by  the  addition  to  these  of  nitrogenous  manures, 
has  entirely  failed.  In  view  of  this  failure  to  grow  the  crop  con- 
tinuously on  ordinary  arable  land,  the  next  results  to  which  I  have  to 
call  attention  are  of  much  interest  and  significance. 

GROWTH  OF  RED  CLOVER,  YEAR  AFTER  YEAR,  ON  RICH  GARDEN  SOIL 

In  1854,  after  it  seemed  clear  that  the  plant  would  not  continue  to 
grow  on  the  arable  land,  Clover  was  sown  in  a  garden,  only  a  few 
hundred  yards  distant  from  the  experimental  field,  on  soil  which  had 
been  imder  ordinary  kitchen-garden  cultivation  for  probably  two  or 
three  centuries.  It  is  remarkable  that,  under  these  conditions,  the 
crop  has  grown  luxuriantly  almost  every  year  since;  this  year,  1889, 
being  the  36th  season  of  the  continuous  growth.     Further  particulars 
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will  be  given  on  the  point  presently,  but  it  may  here  be  premised  that, 
at  the  commencement,  the  percentage  of  nitrogen  in  the  surface  soil  of 
the  garden  was  at  least  four  times  as  high  as  in  that  of  the  arable  soil 
in  the  field,  and  it  would  doubtless  be  richer  in  all  other  matters  also. 
Indeed,  it  is  probable  that  the  subsoil  of  the  garden,  below  the  first  9 
inches  of  depth,  would  be  as  rich,  and  perhaps  richer  than  the  surface 
soil  of  the  field.  Table  IX.  (below),  gives  the  results  for  35  of  the  36 
years  of  experiment  with  Clover  on  the  rich  garden  soil. 


TABLE  IX. 
RED  CLOVER. 


Grown 

▼ear  after  year  on  Rich  G^arden-eoil, 

TheOaic 

ten,  Rothamsted. 

Hay,  Dry  Matter,  Mineral  Matter, 

and  Nitrogen,  per  acre,  per  annum. 

Yean. 

Number 
of  Cut- 
tings. 

Ab 
Hay. 

Dry 

Mineral 
Matter. 

Ettimated 
Nitrogen. 

Dates  of  Sowing  Seed. 

lbs. 

lbs. 

lbs. 

Ibe. 

• 

1864 

2 

6,191 

4,326 

486-0 

124*6 

1864,  March  29. 

1866 

8 

18,118 

16,094 

1660-0 

434*7 

1866 

2 

11,027 

9,190 

1116-6 

264*6 

1867 

8 

14,866 

12,379 

1884-0 

866-6 

1868 

2 

7,608 

6,340 

792-0 

182*6 

1869 

2 

6,227 

6,189 

686*6 

149*4 

1800 

1 

8,679 

7,233 

806*0 

206*8 

1860,  May. 

1861 

2 

18,363 

11,128 

1286*0 

820*5 

1862 

2 

10,042 

6,368 

980*5 

241-0 

1868 

2 

11,798 

9,882 

971-0 

288*2 

1864 

2 

6,600 

4,683 

446*0 

132*0 

1866 

1 

2,044 

1,704 

189-6 

49*1 

1865,  April  22. 

1866 

2 

10,456 

8,713 

907-5 

250*9 

, 

1867 

2 

6,748 

6,624 

673*0 

162-0 

1868    ' 

1 

991 

826 

106*0 

23*8 

1868,  April  29. 

1869 

2 

4,183 

3,486 

887-0 

100*4 

1870 

1 

1,741 

1,451 

148*0 

41-8 

1871 

1 

4,613 

8,761 

4680 

108-3 

1871,  April  10. 

1872 

2 

10,142 

8,452 

896-5 

243-4 

1878 

2 

9,287 

7,740 

7720 

222*9 

1874 

3 

6,889 

4,916 

539*6 

141-6 

1874,  May  4,  and  July  7. 

1875 

1 

2,731 

2,276 

229*5 

66*5 

1875,  July  13,  and  Sept.  22. 

1876,  Sept.  1  (died  in  winter). 

1876 

2 

3,617 

2,981 

278-5 

84*4 

1877 

1 

3,533 

2,944 

825*5 

84-8 

1877,  May. 

1878 

8 

13,416 

11,180 

1835*5 

3220 

1879 

1 

2,738 

2,282 

427*5 

66-7 

1879,  May  21. 

1880 

2 

6,742 

4,785 

643*0 

137*8 

1880,  Apnl  17. 

1881 

•    2 

4,262 

3,662 

380*0 

102-3 

1881,  April  29  mended). 

1882 

a 

6,433 

5,861 

6410 

154-4 

1882,  April  16  mended). 

1888 

1 

2,716 

2,264 

314*5 

65*2 

1883,  Hay  17. 

1884 

a 

9,990 

8,326 

862*5 

289*8 

1886 

3 

6,511 

5,426 

615-0 

156-8 

1886 

1 

2,702 

»,252 

313*0 

64-8 

1886,  April  14. 

1887 

2 

3,287 

2,739 

264*0 

78*9 

1887,  April  21  (mended). 

1888,  April  13  (mended  June 

i^r 

1888 

1 

1,841 

1,686 

210-5 

44*2 

10  years,  1854-'68 

10  years,  1864-'7S 

10  years,  1874-*88 

6  years,  1884-'88 

86  years,  1864-'88 


SuiucABT.    Ayerages. 


10,689 
5,561 
6,099 
4,866 


6,796 


8,906 
4,684 
4,249 
4,066 


6,663 


1002-5 
488*6 
606-6 
4530 


636*4 


266*5 
133*4 
122-4 
116*8 


163*1 
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The  first  column  after  the  dates,  shows  the  namber  of  cuttings  each 
year,  the  second  the  amounts  of  produce  per  acre,  reckoned  in  the 
condition  of  dryness  as  hay,  the  third  the  amount  of  dry  substance,  the 
fourth  that  of  the  mineral  matter,  and  the  last  the  estimated  amounts 
of  nitrogen  per  acre  in  the  crops.    At  the  bottom  of  the  Table  are 

r'ven  the  average  annual  results  over  periods  of  10, 10, 10, 5,  and  35  years. 
shall  confine  attention  to  the  amounts  of  produce  reckoned  as  hay, 
and  to  the  estimated  amounts  of  nitrogen  in  the  produce. 

It  should  be  stated  that,  as  the  garden-clover  plot  is  only  a  few 
yards  square,  calculations  of  produce  per  acre  can  only  give  approxima- 
tions to  the  truth ;  but  it  is  believed  that  they  can  be  thoroughly  relied 
upon  so  far  as  their  general  indications  are  concerned.  It  may  be 
added  that  five  times  during  the  whole  period,  gypsum  has  been  applied 
to  one-third,  and  a  mineral  manure  containing  potash,  but  no  nitrogen, 
to  another  third  of  this  plot 

Casting  the  eye  down  the  column  of  produce  as  hay,  it  is  seen  at  a 
glance  that,  excepting  a  few  occasional  years  of  very  high  produce 
during  the  later  periods,  the  amount  of  crop  is  very  much  greater 
during  the  first,  than  during  either  of  the  subsequent  periods  of  10  or 
5  years.  In  fact,  as  is  seen  at  the  foot  of  the  Table,  there  was  an 
average  annual  produce  equal  to  10,689  lbs.  of  hay,  over  the  first  period  * 
of  10  years,'  but  of  only  5,561  lbs.  over  the  second,  and  5,099  lbs.  over 
the  third,  and  of  only  4,866  lbs.  over  the  last  5  years. 

Now,  even  these  latter  amounts  corrrespond  to  what  would  be 
considered  fair,  though  not  large  crops,  when  Clover  is  grown  in  an 
ordinary  course  of  rotation,  once  only  in  4,  or  in  8  years,  or  more ;  so 
that  the  produce  in  the  earlier  years  on  this  rich  garden-soil,  was  very 
unusually  large.  Indeed,  the  average  annual  produce  over  the  whole 
period  of  35  years,  namely  6,795  lbs. — more  than  3  tons  of  hay- 
would  be  a  very  good  yield  for  the  crop  grown  only  occasionally  in  the 
ordinary  course  of  agriculture. 

But  it  is  when  we  look  at  the  figures  in  the  last  column  of  the 
Table,  which  show  the  estimated  amounts  of  nitrogen  in  the  crops, 
that  the  importance  and  significance  of  these  results  obtained  on  rich 
garden-soil,  are  fully  recognised ;  and  this  is  especially  the  case  when 
they  are  compared  with  those  obtained  on  ordinary  arable  land. 

Thus,  whilst  the  amount  of  nitrogen  in  average  crops  of  Wheat, 
Barley,  or  Oats,  will  be  from  40  to  50  lbs.  per  acre,  of  Beans  about  100 
lbs.,  of  Meadow  Hay  about  50  lbs.,  and  Clover  Hay  grown  occasionally 
in  rotation  little  more  than  100  lbs. ; — here,  on  this  rich  garden- 
soil,  the  produce  of  Clover  has,  in  one  year  contained  mote  than  400 
lbs.  of  nitrogen,  in  three  years  more  than  300  lbs.,  in  several  more 
than  200  lbs.,  and  in  only  elevren  years  of  the  35  less  than  100  lbs. 

In  fact,  as  the  figures  at  the  bottom  of  the  Table  show,  the  estimated 
average  annual  yield  of  nitrogen  in  the  above-ground  growth  was — 
over  the  first  10  years  256  lbs.,  over  the  second  10  years  133  lbs.,  over 
the  third  10  years  122  lbs.,  over  the  last  5  years  117  lbs.,  and  over  the 
whole  period  of  35  years  163  lbs. ;  whilst,  as  the  details  show,  the  • 
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yield  in  the  3l8t  year  (1884)  was  about  240  lbs.,  and  in  the  32nd  year 
156  lbs.  of  nitrogen. 

Further,  the  average  over  the  third  10  years  of  the  continuous 
growth  (122  lbs.),  was  about  as  much  as  in  a  fair  average  crop  grown 
occasionally  under  the  ordinary  conditions  of  agriculture. 

There  would  seem,  then,  to  be  clearly  indicated,  a  soil  source  of 
failure  on  the  arable-land,  and  a  soil  source  of  success  on  the  garden- 
soil. 

The  results  given  in  Table  X.  (below)  will  throw  some. further  light 
on  this  point.  It  shows  the  percentage  of  nitrogen  in  the  first  9  inches 
of  depth  of  the  gardeu-soil,  in  1857  and  in  1879,  between  which 
periods  the  growth  of  21  years  had  been  removed. 

It  also  shows  the  estimated  amounts  of  nitrogen  per  acre  in  the 
surface  soil  at  the  two  periods,  and  the  reduction  in  the  amount  during 
the  21  years. 

TABLE  X.  • 

RED  CLOVER. 

OrowB  on  Rich  Garden  Soil. 
Nitrogen,  per  cent,  and  per  acre,  in  the  fine  soil,  dried  at  100^  C. 

(First  9  inchee  of  depth). 


.     Total     . . 

«                •  •                •  • 

1857. 

1879. 

Difference. 

Per  cent. 
0-5095 

Per  cent. 
0-3634 

Per  cent. 
0-1461 

Per  acre         

Per  acre  per  annum  (21  years)     . 

Ibe. 
9,528 

Ibe. 
6,796 

lbs. 
2,732 
130 

It  may  be  mentioned,  that  the  percentiage  of  nitrogen  given  for  the 
sample  collected  in  October,  1857,  is  the  mean  of  duplicate  or  more 
determinations,  made  in  1857,  in  1866,  and  again  in  1880;  and  it  is 
almost  identical  with  the  results  obtained  at  the  latest  of  these  dates. 

The  first  point  to  notice  is,  that  the  first  9  inches  of  depth  of  this 
rich  garden-soil  contained  more  than  half  a  per  cent,  of  nitrogen ;  that 
is,  nearly  four  times  as  much  as  the  average  of  the  Rothamsted  arable 
soils,  and  nearly  five  times  as  much  as  the  exhausted  arable  Clover-land 
soil  where  the  crop  failed.  It  is,  of  course,  true,  that  the  garden-soil 
would  be  correspondingly  rich  in  all  other  constituents;  but  some 
portions  of  the  arable  soil  where  the  Clover  failed,  had  received  much 
more  of  mineral  constituents  by  manure  than  had  been  removed  in  the 
crops. 

The  result  given  for  1879  is  the  mean  of  determinations  made  on 
three  separate  samples,  for  which  the  determinations  agreed  very  well. 
The  results  can  leave  no  doubt  that  there  had  been  a  great  reduction 
in  the  stock  of  nitrogen  in  the  surface-soil  since  1857.  The  reduction 
amounts  to  nearly  29  per  cent,  of  the  whole  in  the  21  years ;  and, 
reckoned  per  acre,  as  shown  in  the  bottom  line  of  the  Table,  it  corres- 
ponded to  a  loss  of  2,732  lbs.  during  the  21  years ;  and,  although,  as 
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has  been  seen,  fairly  average,  and  even  good  crops,  were  still  grown,  it 
is  obvious  that  coincidently  with  this  great  reduction  in  the  stock  of 
nitrogen  in  the  surface-soil,  there  has  been  a  very  marked  reduction  in 
the  Clover-growing  capability  of  the  soiL 

On  this  point  it  may  be  mentioned  that,  whilst  fresh  seed  was  only 
sown  four  times  during  the  first  17  of  the  35  years,  it  has  been  folly  <Hr 
partially  sown  16  times  during  the  last  18  years.  It  is  obvious,  there- 
tore,  that  the  plant  was  able  to  stand  very  much  longer  in  the  eariiar 
than  in  the  later  condition  of  the  soil.  Indeed,  both  the  reduced 
persistence  of  the  plant,  and  the  reduced  produce,  have  been  coincident 
with  a  considerable  reduction  in  the  stock  of  nitrogen  in  the  soiL 

The  question  arises — what  relation  does  the  amount  of  nitrogen 
lost  by  the  soil,  bear  to  the  amount  taken  off  in  the  crops  9 

It  is  admittedly  necessary  to  accept  with  some  reservation  results  of 
calculations  of  produce  per  acre,  from  amounts  obtained  on  a  few 
square  yards,  but  the  general  indications  may  doubtless  be  trusted. 
Such  estimates  show'  more  than  160  lbs.  of  nitrogen  to  have  been 
removed  per  acre  per  annum  in  the  crops,  over  the  21  years ;  whilst  the 
estimated  loss  of  the  surface-soil  corresponds  to  about  130  lbs.  per  acre 
per  annum.  That  is  to  say,  the  loss  by  the  surface-soil  is  suflicient  to 
account  for  rather  more  than  three-fourths  of  the  amount  of  nitrogen 
removed  in  the  crops. 

There  is,  however,  evidence  leading  to  the  conclusion  that,  in  the 
case  of  soils  to  which  excessive  amounts  of  farmyard  manure  are 
applied,  as,  for  instance,  to  such  a  garden  soil,  there  may  be  some  loss 
by  the  evolution  of  free  nitrogen ;  and  obviously  so  far  as  this  may 
have  occurred  in  the  garden  soil,-  there  will  be  the  less  of  the  ascertained 
loss  to  be  credited  to  assimilation  by  the  growing  Clover. 

.  On  the  other  hand,  it  is  known  that  when  growing  on  ordinary 
arable  soil,  the  Clover  plant  throws  out  a  large  amount  of  feeding  root 
in  the  lower  layers ;  and  although  in  the  case  of  so  rich  a  surface  soil 
the  plant  may  derive  a  larger  proportion  of  its  nutriment  from  that 
source,  we  must  at  the  same  time  suppose  that  it  has  also  availed  itself 
of  the  resources  of  the  subsoil.  Unfortunately,  in  1857  samples  were 
only  taken  to  the  depth  of  nine  inches,  so  that  no  comparison  can  be 
made  of  the  condition  of  the  subsoil  at  the  two  periods.  It  may  be 
observed,  however,  that  in  1879  the  second  nine  inches  showed  aixmt 
three  times  as  high  a  percentage  of  nitrogen  as  the  subsoils  of  the  arable 
field  at  the  same  depth ;  indeed  nearly  twice  as  high  a  percentage  as 
some  of  the  exhausted  arable  surface-soils.  It  cannot  he  doubted, 
therefore,  that  the  subsoil  of  the  garden  plot  has  contributed  nitrogen 
to  the  Clover  crops. 

Here  then,  notwithstanding  the  very  little  effect  of  direct  nit^rogenous 
manures,  on  either  the  Beans  or  the  Clover,  on  the  ordimury  arable 
land,  there  would  seem  to  be  very  clear  evidence  of  a  soil-source  of,  at 
any  rate  much,  if  not  indeed  of  the  whole,  of  the  enormous  amounts  of 
nitrogen  assimilated  over  a  given  area  by  the  Clover  growing  on  the 
rich  garden  soil. 
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PRODUCE  OF  NITROGEN  IN  THE  MIXED  HERBAGE  OF  GRASS  LAND. 

The  results  in  Table  XI.  afford  evidence  in  the  same  direction. 


TABLE  XI. 

EXPEBIMSNTS  ON  THE  MIXED  HERBAGE  OF  PERMANENT  GRASS  LAND. 

The  Pai^,  Rothamstod. 
BeBolto  ahowing  the  effects  of  Potash,  on  the  deyelopment  of  Legominoeei  and  on  the 

yield  of  Nitrogen  in  the  crops. 


Plote. 


Ckniditians 

of 
Maaaring. 


-  Mean  por  cent* 

aoeordiiig  to  botanioal 

eeparations  at  6  periods, 

18e»,  »e7,  »71,  »72,^74,  »76. 


Gnm- 
ineee. 


TiPgnni' 
InoeaB. 


Other 
Olden. 


ATwage  prodiioe 

per  acre  per  annum, 

20  years,  1866-^76, 

aooording  to  mean  per 

cent,  of  the  6  separations. 


Gram- 
ineee. 


TiPgnm- 
inossB. 


Other 
Orders. 


Ayerage  Nitrogen 
per  acre  per  annum. 


10 

10 

ao 

years 

yeaiB 

yeaiB 

1866- 

1866- 

1866- 

1886. 

1876. 

1876. 

8 
4-1 

8 

7 


Unmannred 
Bnpendios- 

Complex 
Mhi.Man.i 
CSomplez     ) 
Min.lfoii.t ) 


p.  c 
70-94 

p.  0. 

8-17 

p.  0. 
20-89 

lbs. 
1690 

lbs. 
196 

lbs. 
.498 

lbs. 
861 

lbs. 
80-9 

68-17 

6-68 

26-16 

1699 

142 

662 

86-7 

81-6 

78-71 

8*48 

17-86 

2489 

286 

608 

64-4 

88-6 

66'9S 

19-18 

18-95 

2649 

767 

662 

66-2 

68-0 

lbs. 
88*0 

88-6 
46-6 
66*6 


*  Plot  4-1,  botanioal  separations  at  4  periods  onlv,  namely  1882, 1867, 1872,  and  1876. 
•f  Tnnlnding  Potash,  6  years,  1866-61,  exdnding  Potash,  14  years,  1862-1876. 
t  TnrlTidfag  Potash  every  year. 

As  stated  in  the  title  of  the  Table,  the  results  show,  in  the  case  of 
experiments  on  the  mixed  herbage  of  grass-land,  the  effects  of  potash 
on  the  development  of  the  Leguminosae,  and  on  the  yield  of  nitrogen  in 
the  crop.  Results  are  given  for  four  plots — one  without  any  manure ; 
one  with  superphosphate  of  lime  alone ;  one  with  a  complex  mineral 
manure,  including  potash  for  six  years,  but  excluding  potash  for  the 
succeeding  14  years ;  and  lastly,  one  with  the  complex  mmeral  manure, 
including  potash  every  year  of  the  twenty. 

The  first  set  of  three  columns  shows  the  average  percentage  of 
gramineous,  leguminous,  and  miscellaneous  herbage,  in  the  produce, 
according  to  botanical  separations  made  in  six,  or  in  four  seasons,  as 
stated  ;  the  second  set  the  average  produce  per  acre  over  20  years,  of 
each  of  these  descriptions  of  herbage  ;  and  the  last  three  columns  show 
the  amounts  of  nitrogen,  per  acre  per  annum,  in  the  mixed  produce, 
over  the  first  10,  the  second  10,  and  the  total  period  of  20  years. 

It  is  seen  that  on  plot  8,  with  only  a  temporary  supply  of  potash, 
the  percentage  of  leguminous  herbage  in  the  produce  is  higher  than  on 
plot  4-1  with  superphosphate  of  lime  alone ;  but  that,  on  plot  7,  with 
the  continuous  supply  of  potash,  it  is  more  than  twice  as  high.  Thus, 
the  percentage  of  leguminous  herbage  is — on  plot  4-1,  5*68  ;  on  plot  8, 
8-43;  but  on  plot  7,  1913. 

The  middle  column  of  the  second  division  shows  that  the  estimated 
amounts  of  leguminous  herbage  per  acre  per  annum  were— -on  plot  4-1 
without  any  potash  142  lbs.,  on  plot  8  with  partial  supply  of  potash 
285  lbs.,  and  on  plot  7  with  the  continuous  supply  757  lbs. 
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Tundiig  to  the  yield  of  nitrogen  on  the  different  plotfi^  it  is  seen 
that  the  amounts  are  almost  identical  without  manure,  and  with  super- 
phosphate  of  lime  alone,  namely,  ahout  33  lbs.  per  acre  per  aonom. 
On  plot  8,  where  a  complex  minecal  manure,  including  potash  six  years, 
but  excluding  it  fourteen  years,  was  employed,  tiie  yield  of  nitrogfon  is 
raised  to  46'5  lbs. ,  and  on  plot  7,  which  received  the  mixed  mineral 
manure,  including  potash  every  year  of  the  twenty,  the  yield  is  56*6 
lbs.  per  acre  per  annum.  Further,  without  manure^  and  with  super* 
phosphate  of  lime  alone,  there  was  a  decline  in  the  yield  of  nitrogen  in 
the  later,  compared  with  the  earlier  years.  With  tlie  mineral  manure, 
including  potash  in  the  first  six  years  only,  there  was  a  much  more 
marked  decline.  With  the  mineral  manure,  including  potash  every 
year,  there  was,  on  the  other  hand,  even  a  slight  tendency  to  an 
increased  yield  of  nitrogen,  in  the  later  years. 

Thus,  then,  it  is  estimated  that  the  plot  receiving  potash  every  year, 
yielded  over  a  period  of  twenty  years,  an  average  of  23*6  lb&  more 
nitrogen  per  acre  per  annum  than  the  unmanured  plot,  and  this 
increased  yield  was  associated  with  an  increased  growth  of  Leguminoos 
herbage.  Whence  comes  the  23*6  lbs.  more  nitrogen  annually  taken 
up  per  acre  on  the  mineral  manured  than  on  the  unmanured  plot! 
The  results  in  Table  XIL  will  afford  evidence  on  this  point 

TABLE  XII. 

PBBMANENT  MEADOW  LAND  SOILS. 

Nitrogen,  per  cent,  and  per  acre,  in  fine  soU,  dried  at  100^  C. 


1870. 

1876. 

1878. 

Plot  3.    Unmanured         

Plot  7.    Mixed  Biineral  Manure,  indading  Potash  . . 

Per  cent. 
0-2617 

Percent. 

0-2466 
0-2236 

PeirceBk. 

0-2246 

Diifozence 

Difference  per  acre  |T°*^^y~"     •        •• 

00*230 

lbs. 
506-0 
20*3 

After  20  years  of  continuous  experiment,  samples  of  soil  were 
taken  at  three  places  on  each  of  the  experimental  plots,  and  the  Table 
shows  the  means  of  determinations  of  nitrogen  in  the  surface-soils  of  the 
unmanured  plot,  and  of  the  plot  receiving  Uie  complex  mineral  manure 
(including  potash),  every  year.  Some  control  results  are  also  given. 
Thus,  determinations  made  in  samples  of  the  unmanured  soil  collected 
in  1870,  control  those  in  the  samples  collected  in  1876,  after  the  crops 
of  five  more  years  had  been  removed ;  and,  again,  the  results  obtained 
on  samples  collected  from  the  mineral  manured  plot  in  1878,  control 
and  confirm  those  obtained  on  the  samples  taken  in  1876. 

Bef  erring  to  the  main  figures,  those  relating  to  the  samples  taken  in 
1 876,  it  is  seen,  that  whilst  the  percentage  of  nitrogen  in  the  surfaco- 
soil  of  the  unmanured  plot  was  0*2166,  it  was  in  that  of  the  mineral 
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tnanared  plot,  which  had  yielded  so  mach  more  nitrogen  in  the  crops, 
only  0*2296  per  cent.,  or  nearly  one-tenth  less. 

Calculated  per  acre,  the  sarface-soil  of  the  mineral  manured  plot,  to 
the  depth  of  nine  inches,  contained,  at  the  end  of  the  twenty  years,  506 
tbs.  less  nitrogen  than  that  of  the  unmanured  plot  to  the  same  depth  ; 
corresponding  to  an  annual  reduction  of  25*3  lbs.  per  acre  per  annum. 

Without  pretending  to  claim  absolute  accuracy  for  such  results,  and 
such  calculations,  it  is,  to  say  the  least,  a  very  remarkable  coincidence, 
that  whilst  the  estimated  increased  yield  of  nitrogen  per  acre  per 
annnm,  in  the  mineral  manured  crop  was  236  lbs.,  the  estimated 
increased  loss  of  nitrogen  by  the  surface  soil  should  be  25*3  lbs.  per 
acre  per  annum. 

In  reference  to  the  fact  that,  according  to  the  results,  the  resources 
of  the  surface  soil  would  seem  to  have  been  mainly,  if  not  wholly, 
drawn  upon,  it  should  be  observed,  that  the  potash  of  artificial  manures 
is  almost  exclusively  retained  in  the  superficial  layers  of  the  soil,  and 
that  the  leguminous  plant  that  was  the  most  prominently  developed 
was  the  Lalhyrus  praimsis,  which,  although  it  has  also  deep  roots, 
throws  out  an  enormous  quantity  of  feeding  root  near  the  surface ; 
whilst  the  prominent  plants  of  other  families  were  also  those 
characterised  by  superficial  rooting. 

Here,  again,  then,  in  these  results  with  the  mixed  herbage  of  grass 
land,  as  in  those  with  the  Clover  on  the  rich  garden-soil,  there  seems  to 
be  clear  indication  that  the  soil  is  an  important  source  of  nitrogen  to 
Leguminosas. 

The  next  illustrations  will  bring  to  view  the  curious  result  that,  on 
soil  where  one  leguminous  plant  has  practically  failed,  another  plant  of 
the  same  family  may  grow  luxuriantly,  and  in  some  way  obtain  very 
large  amounts  of  nitrogen. 

RED  CLOVER  GROWN  AFFER  BEANS. 

The  experiments  to  which  I  have  now  to  direct  attention,  were 
made  in  the  field  which  had  been  devoted  to  experiments  on  the 
growth  of  beans  for  a  period  of  32  years ;  but  which,  as  has  been  seen, 
so  far  failed  that  an  average  crop  was  seldom  obtained;  whilst  the 
amount  of  nitrogen  taken  up  over  a  given  area,  though  still  much  more 
than  in  non-Leguminous  crops  grown  under  similar  conditions,  was, 
after  the  first  few  years,  much  below  the  amount  in  a  fairly  average 
Bean-K^rop.  After  the  cessation  of  the  experiment  with  Beans  in  1878, 
the  land  was  left  fallow  for  between  four  and  five  years,  to  1882 
inclusive,  when  Orass-seeds  were  sown,  but  failed.  On  this  land,  on 
which  the  attempt  to  grow  the  Leguminous-crop — Beans — had  been 
abandoned.  Barley  and  Clover  were  sown  in  the  spring  of  1883. 

Before  considering  the  results  of  this  new  experiment,  it  will  be 
well  briefly  to  call  attention  to  the  direct  experimental  evidence  as  to 
the  condition  of  the  soils.  Thus,  in  April,  1883,  before  the  Barley 
and  Clover  were  sown,  the  surface-soil  (tree  of  stones,  and  reckoned 
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dry)  of  the  plot  which  had  heen  eutuely  iHrnnmarod  dniiiig  the  39 
years  of  the  experiments  with  the  Beans,  contained  0*0993  per  centi.  of 
nitrogen,  that  of  the  mineral  manared  p^t  0*1087  per  cenU,  and  that 
of  the  plot  which  had  received  both  the  mineral  and  mtrogenooa 
manare  0*1163  per  cent,  amounts  which  show  considerable  nitmgea 
exhaastion  of  the  sarface-soil. 

Ako  in  1883,  the  nitrogen  as  nitrio  acid  was  determined  in  aaafdaa^ 
each  of  9  inches  of  depth,  down  to  a  total  depth  of  72  inchesL  In  tfaa 
ease  of  several  plots,  the  results  show,  calcokied  per  acre,  that  dici 
total  amount  of  nitrogen  as  nitrio  acid  to  the  depth  of  8  times  9  iacheSy 
or  72  inches  in  all,  was  27*95  lbs.  in  the  unmaaared  plot,  20*72  in  ihab 
with  purely  mineral  manure,  and  26*38  lbs.  in  that  of  the  plot  whfeh 
had  received  both  mineral  and  nitrogenous  manure.  In  the  soil  of  the 
farm*yard  manure  plot,  <m  the  other  hand,  the  amount  was  about  twice 
as  much — namely  50*46  lbs.  Excluding  t^is  last  resnlt,  it  may  be  said 
that  the  amounts  of  nitrogen  already  etxisting  as  nitric  acid,  to  the 
depth  determined,  were  very  small. 

These,  then,  were  the  conditions  of  the  soil  when  the  Barley  and 
Clover  were  sown  in  the  spring  of  1883.  The  Glover  grew  very 
luxuriantly  from  the  hrst,  so  much  so  as  considerably  to  interfere  with 
the  growth  of  the  Barley. 

Table  XIIL  (below),  shows  the  amounts  of  nitrogen  per  acre  in  the 
Barley  and  Clover  in  1883,  and  in  the  Clover  in  1884  and  1885. 

TABLE  XUl. 

BARLEY  AND  CLOVER,  GROWN  AFTER  BEANS. 

Oeescroft  Field. 
Nitrogen  lemoTed  per  acre  in  the  Crops. 


Previoiis  C<nidlUon  of  Miwigfng, 


1883. 

Buiey  and 

Ctovar. 


1884. 

ClOTW. 


1865. 
doret. 


TotaL 


Wiihoat  Manure        

Mineral  Manure  and  some  Nitrogen 
Mineral  Manure  only 


lbs. 
450 
67-2 
59*3 


IlM. 

183-2 
1981 
206*4 


llM. 

62-7 
79-9 
81-6 


llM. 

280*9 
330-2 
847-3 


It  should  be  stated  that  the  plots,  the  yield  of  nitrogen  of  which 
is  here  given,  do  not  exactly  correspond  with  those  for  which  the  yield 
of  nitrogen  in  the  Beans  was  given ;  some  of  the  Barley  and  Clover 
crops  having  been  taken  together  where  no  difference  in  the  produce 
was  observable.  Thus,  half  the  plot  represented  as  without  manure,  had 
been  unmannred  from  the  commencement,  that  is  for  nearly  40  years, 
but  the  other  half  received  some  nitrogen  to  1878  inclusive,  but  had 
since  been  entirely  unmanured.  Again,  the  results  given  in  tJle  second 
line  relate  to  the  produce  of  a  plot  part  of  which  received  purely 
mineral  manure,  but  the  other  part  ammonium-salts  or  nitrate  up  to 
1878,  but  none  since.  The  results  given  in  the  third  line  relate, 
however,  to  a  plot  which  has  not  received  any  nitrogenoos  manure 
from  the  commencement  of  the  experiments  with  the  Beans,  bqt  which 
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was  not  brongbt  onder  experiment  until  5  years  later  than  the  other 
plots. 

Tfaii8>  on  a  plot  where  a  purely  mineral  monare  containing  potash, 
but  no  nitrogen^  had  been  applied  for  27  years,  to  1678  iucluBive,  and 
no  manure  since,  347*3  lbs.  of  nitrogen  were  gathered  per  acre,  almost 
whoUy  by  the  Leguminous  crop — Clover.  On  a  plot  on  part  of  which  the 
mineral  only,  and  on  part  the  same  mineral  manure  and  ammonium- 
salts  or  nitrate  bad  been  applied  up  to  1878,  but  nothing  since,  330*2 
lbs.  of  nitrogen  were  removed  in  the  crops.  Lastly,  where,  to  half  of 
the  plot  no  manure  whatever  had  been  applied  for  nearly  40  years,  but 
to  the  other  half  ammoninm-salts  or  nitrate  had  been  applied  up  to 
1878,  the  yield  of  nitrogen  in  the  Barley  and  Clover  was  280*9  lbs. 

Here,  then,  in  a  field  where  Beans  had  been  grown  for  many  years 
in  snccesaion,  and  had  yielded  much  less  than  average  crops,  and  the 
land  bad  then  been  left  fallow  for  several  years ;  where  the  surface-soil 
had  become  very  poor  in  total  nitrogen  ;  where  both  surface  and  sub- 
soil were  very  poor  in  ready-formed  nitric  acid ;  and  where  there  was  a 
minimum  amount  of  crop  residue  near  the  surface  for  decomposition 
and  nitrification,  there  were  grown  very  large  crops  of  clover,  containing 
rerj  large  amounts  of  nitrogen. 

Not  only  was  so  much  nitrogen  removed  in  the  crops,  but  the 
surfaoe-fioils  became  determinably  richer  in  nitrogen,  as  the  results  in 
Table  XIY.  (below)  show.  There  are  there  given,  the  percentages  of 
nitrogen  in  the  sifted  dry  surface-soil  of  the  throe  plots  for  which  the 
produce  and  the  nitrogen  in  the  Beans  have  been  given.  The  results 
relate  to  samples  taken  in  April  1883,  beforo  the  sowing  of  the  Barley 
and  Clover,  and  in  November  1885,  after  the  removal  of  the  crops. 
The  first  two  columns  show  the  percentages  of  nitrogen,  and  the  other 
columns  the  calculated  amounts  of  nitrogen  per  acre,  in  the  surface- 
soils,  9  inches  deep,  at  the  different  dates,  and  the  estimated  gain  of 
nitrogen  under  the  influence  of  the  growth  of  the  clover. 


TABLE  XIV. 

Nitrogen,  per  cent,  and  per  acre,  in  the  Burfaoe-soils,  before  and  after  the 

growth  of  the  Barley  and  Clover. 


1.     Wfthoat  Mannre    .. 
o    i  With  MEineral  Mannre 
^  .      containing  Potaah 
With  Mineral  Manure 
sad  Kitrogen 


3. 


I 


Nitrogen  in  sifted  dry  soil. 


Per  cent. 


1883. 


Per  cent. 

oodds 

0-1087 
01163 


1885. 


Per  cent. 
01083 

0-1149 
0-1226 


Per  acre. 


1888. 


lbs. 
2441 

2672 
2859 


1885. 


lbs. 
2662 

2824 

3011 


1885 

+  or  - 

1883. 


lbs. 
+  221 

+   162 
+   162 


Without  assuming  that  the  figures  represent  accurately  the  amounts 
of  nitrogen  acenmulated  per  acre,  it  cannot  be  doubted  that  the 
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tarface-eoib  had  become  oonaideraUj  ricfaer.  If,  for  the  sake  of 
illortration,  we  assume  that  300  lbs.  of  nitrogeii  were  lemored  per 
acre  in  the  crops,  and  that  150  lbs.  were  aoeamnktod  in  the  smlMe- 
soil,  we  have  450  lbs«  of  nitrogen  to  account  for,  as  gathered  bj  the 
crops  within  a  period  of  little  more  than  two  jean. 

It  is  clear  that  we  have  in  the  experimental  resalts  themaelveB  no 
conclusive  evidence  as  to  the  soarce  of  so  large  an  amoant  of  nitrogen. 
Ab  the  surface-soil  became  determinably  richer,  it  is  obvioas  that  it 
mast  have  been  derived  either  from  above  or  below  it — ^from  fiie 
atmosphere,  or  from  the  sub-soil ;  and,  if  from  the  sab-soil,  the  qaesdoo 
arises — whether  it  was  taken  up  as  nitric  acid,  as  ammoniJ^  or  as 
organic  nitrogen  1  I  shall  have  to  adduce  evidence  bearing  on  these 
points  further  on ;  but  it  must  be  admitted  that  there  is  nothing  in 
the  experimental  results  themselves,  to  show  that  so  large  an  amount 
of  nitrogen  could  have  been  available  as  nitric  acid. 

VABIOUS  LEQUMINOUS  PLANTS  GROWN  AFTER  RED  CLOVER. 

I  have  now  to  adduce  another,  and  even  much  more  strikkig 
instance,  of  successful  growth,  and  of  great  accumulation  of  nitrogen, 
by  plants  of  the  Leguminous  family,  on  soil  where  another  plant  of  the 
same  family  had  failed,  and  where  the  surface-soil  had  become  veiy 
|>oor  in  nitrogen. 

The  experiments  were  made  on  the  plots  where  it  had  been 
attempted  to  grow  Ked  Clover  year  after  year  on  the  same  land; 
where,  in  fact,  Clover  had  been  sown  12  times  in  30  years,  and  wfaere^ 
in  8  out  of  the  last  10  trials,  the  plant  had  died  off  in  the  winter  and 
spring  succeeding  the  sowing  of  the  seed ;  in  4  cases  without  any  crop 
at  all,  and  in  the  other  4  yielding  very  small  cuttings. 

In  1878,  the  land  was  devoted  to  experiments  with  various 
Leguminous  plants,  differently  manured,  having  regard,  however,  to 
the  previous  manurial  history  of  the  plots. 

The  object  was  to  ascertain  whether,  among  a  selection  of  plants 
all  belonging  to  the  Leguminous  family,  but  of  different  habits  of 
growth,  and  especially  of  different  character  and  range  of  roots,  some 
could  be  grown  successfully  for  a  longer  time,  and  would  yield  more 
produce,  containing  more  nitrogen,  as  well  as  other  constituents,  than 
others  ;  all  being  supplied  with  the  same  descriptions  and  quantities  of 
manuring  substances,  applied  to  the  surface-soil.  Further,  whether 
the  success  in  some  cases,  and  the  failure  in  others,  would  afford 
additional  evidence  as  to  the  source  of  the  nitrogen  of  the  Loguminoess 
generally,  and  as  to  the  causes  of  the  failure  of  Ked  Glover  when 
grown  too  frequently  on  the  same  land. 

Accordingly,  14  different  Leguminostz  were  selected,  and  sown  in 
1878.  These  included  8  species  or  varieties  of  TrifoUumj  2  species  of 
Medicago,  Melilotus  leucantha,  Lotus  comiculaiusy  Vida  aaiwa,  and 
Lathyrus  pratensis.  Of  these,  6  of  the  8  TrifoliufM  have  already 
failed,  and  been  replaced  by  other  plants ;  as  also  have  the  Medmogo 


ON  THB  GROWTH  OF  LEGUMINOUS  CROPS.  31 

lupuUna,  the  Lotus  eomiculatus,  and  the  Lafhyrm  pratenais  ;  the  last 
being  replaced  in  the  second  year  by  Onohrychus  mtiva.  The  plants 
which  have  maintained  fair,  but  very  varying  character  of  growth,  are 
the  TrifoUum  repms,  Vida  saUva,  MeHlotua  leucaniha,  and  Medictigo 
saHva ;  and  I  propose  to  give  some  account  of  the  growth  of  these 
plants  on  this  Clover-exhausted  soil. 

That  the  sarfaoe-soil  had  become  very  poor  in  nitrogen  is  evident 
ft>om  the  fact,  that  the  mean  percentage  of  it  in  the  sifted  dry  surface- 
soil  of  5  of  the  Clover  plots  was,  in  March  1881,  only  0*1056,  which 
is  considerably  lower  than  was  found  in  the  same  field  many  years 
before,  and  lower  than  has  been  found  in  any  of  the  fields  at 
Rothamsted  excepting  those  where  crops  have  been  grown  for  many 
years  on  the  same  land  without  nitrogenous  manure.  It  is  a  point  of 
interest,  however,  that  the  percentage  in  the  surface-soil  is  not  so  low 
as  in  immediately  adjoining  land,  which  has  been  under  alternate  Wheat 
and  Fallow  for  nearly  30  years  without  manure. 

The  real  interest  of  the  results  depends  on  the  amounts,  and  on  the 
difference  in  the  amounts,  of  nitrogen,  which  the  various  plants  have 
assimilated  over  a  given  area,  all  growing  side  by  side  on  the  same 
Bed'-clover-exhausted  land,  and  with  the  same  mineral  manures, 
without  any  nitrogen  supply. 

Accordingly,  the  upper  part  of  Table  XY.  (p.  32)  shows  the 
estimated  average  amounts  of  nitrogen  in  the  Gramineous  crop.  Wheat, 
grown  in  alternation  with  Fallow,  over  27  years  to  1877  inclusive,  and 
in  the  Red-clover,  (together  with  other  crops  when  it  failed)  over  29 
years,  also  to  1877  inchisive.  Then,  in  the  body  of  the  Table  are  given, 
the  amounts  of  nitrogen  in  the  Wheat  alternated  with  Fallow,  and  in 
the  produce  of  five  different  Leguminous  plants,  during  the  subsequent 
years,  commencing  with  1878,  and  ending  with  1888. 

Thus,  over  the  preliminary  period,  the  Wheat  gave  an  average 
annual  yield  of  nitrogen  per  acre  of  17  lbs.,  and  the  Clover  gave,  over 
much  the  same  period,  an  average  of  32  lbs.  of  nitrogen. 

Against  these  amounts,  the  various  crops  yielded,  over  the 
subsequent  years,  averages  as  follows: — The  Fallow  Wheat,  over  11 
years,  12  lbs. ;  the  Red  Clover  (Trifolium  pratense),  over  8  years,  14 
lbs. ;  the  White  Clover  (Trifolium  repens),  over  11  years,  26  lbs. ;  the 
Vetch  (Vicia  sativa),  over  11  years,  77  Iba  ;  the  Bokhara  Clover 
(Melilotas  leucantha),  62  lbs. ;  and  the  Lucerne  (Medicago  sativa), 
over  11  years,  136  lbs. 

Or,  if  we  take  the  average  amounts  over  the  years  of  actual  crop 
only,  the  amounts  were — in  the  Wheat  22  lbs.,  in  the  Red  Clover  22 
lbs.,  in  the  White  Clover  47  lbs.,  in  the  Vetch  77  lbs.,  in  the  Bokhara 
Clover  68  lbs.,  and  in  the  Lucerne  the  enormous  amount  of  166  lbs.,  of 
nitrogen  per  acre  per  annum. 

Aeain,  if  we  take  the  total  yields  of  nitrogen  over  the  experimental 
periods,  we  have,  in  the  Wheat  133  lbs.,  in  the  Red  Clover  112  lbs., 
m  the  White  Clover  283  lbs.,  in  the  Vetch  846  lbs.,  in  the  Bokhara 
Clover  679  lbs.,  and  in  the  Lucerne  1,492  lbs. ;  that  is,  in  the  Lucerne 
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about  eleven  times  as  much  as  in  the  Wheat,  and  more  than  tiurteen 
times  as  much  as  in  the  Ked  Clover.  Indeed,  this  very  deeply,  and 
very  powerfully  rooting  plant,  yielded,  in  its  above-ground  produce 
alone,  337  lbs.  of  nitrogen  in  1884,  270  lbs.  in  1885,  167  Ibe.  in  1886, 
247  lbs.  in  1887,  and  161  lbs.  in  1888. 


TABLE  XV. 

Estimated  yield  of  Nitrogen  per  acre,  in  IbB.,  in  Wheat  alternated  with  FaUoiTy 
and  in  yarioiiB  Legnminoiifl  Crops,  without  NitrogenooB  Manure. 


Un- 

inanared 

Fallow 

Wheat. 


liDneral  Manures  only. 


Trifolium 
pratenae. 


Trifolium 
repens. 


Vida     MeUlotos  Medicsgo 
satlva.   leueantlia*   sattva. 


Prbliximaby  Period.    Whiat  akd  Fallow,  87  yra.,  1861-77.    Bbd  Clowb,  Ac,  88  yrB.,lSI9-'77. 


.  • 

lbs. 
17 

V 

J 

Average  per  acre  per  annum 

111;. 
32 

BXPBKIMENTAL  PSKIOD. 

1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 

1886 
1887 

1888 


Total,  11  years,  1878-'88.. 
Average,  11  years,  1878-'88 
Average  for  years  of  orop 


* . 


lbs. 

29 
Fallow 

24 
Fallow 

18 
Fallow 

29 
FaUow 

14 
Fallow 

19   I 


133 
12 
22 


lbs. 

0 
60 

8 
21 
18 

0 

0 
15 


Lupins 
0 

Kedioago 
sativa 


lbs. 
0 

82 
0 
8 

74 
0 
0 

97 

16 
6 


112* 
14* 
22 


283 
26 
47 


lbs. 

lbs. 

51 

53 

46 

130 

58 

36 

65 

60 

146 

145 

101 

27 

113 

56 

90 

58 

52 

0 

64 

82 

60 

32 

846 

679 

77 

62 

77 

68 

Iba. 

0 

0 

28 

28 

111 

143 

337 

270 

167 
247 

161 


1492 
136 
166 


•  Eight  years  only,  1678-'85. 

Not  only  have  these  large  amounts  of  nitrogen  been  removed  in  the 
above-ground  produce,  but  determinations  of  nitrogen  in  the  surface- 
soils  of  the  Vetch  plot  in  1 883,  and  of  the  White  Glover,  the  Bokhara 
Clover,  and  the  Lucerne  plots,  in  1885,  have  shown,  as  in  the  case  of 
the  Clover  after  the  Beans,  that  the  surface-soil  has  gained  rather  than 
lost  nitrogen,  due  to  the  accumulation  of  nitrogenous  crop-residue. 
Here  again,  then,  it  is  obvious,  that  the  original  source  of  the  nitrogen 
of  the  crops  has  not  been  the  surface-soil.  It  must  have  been  derived 
either  from  the  atmosphere  or  from  the  sub-soil. 

The  next  results  will  throw  some  light  on  this  point  Thus,  having 
made  initiative  experiments  of  the  same  kind  some  years  previously,  in 
July,  1 883,  samples  of  soil  were  taken  to  the  depth  of  1 2  tunes  9  inches, 
or  108  inches  in  all,  on  the  Wheat  fallow  plot,  on  the  White  Clover 
plot,  and  on  two  of  the  Vetch  plots,  for  the  determination  of  the 
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amomit  of  nitrogen  existing  as  nitric  acid,  at  each  depth.     Table  XYI. 
summarises  the  results. 

TABLE  XYI. 

Nitrogen  as  Nitric  Add,  per  aore,  lbs.,  in  eoiU  of  some  experimental  plots, 

without  Nitrogenous  Manure  for  more  than  30  yean. 

Hoosfleld,  Bothamsted. 

Samples  collected  July  17-26, 1883. 


Depths. 


Inches. 

1-9 
10-18 
19-27 
28-36 
37-45 
46-54 
55-63 
64-72 
73-81 
82-90 
91-99 
100-108 


Whttt* 

TrifoUoBi 

Fallow 

repens. 

Land. 

Series  1. 

Unnumored. 

Plot  4. 

lbs. 

lbs. 

19-85 

30-90 

8*05 

27-73 

2-47 

8-44 

2-70 

7-64 

1-62 

9-07 

3-57 

8-77 

3-84 

7-92 

2-28 

8-34 

1-48 

8-27 

1-76 

9-95 

2-94 

916 

1-84 

9-51 

Vida 

sativa. 

Series  1. 

Plot  4. 


lbs. 
12-16 
4-11 
1-37 
1-67 
4-58 
6-37 


Vicia 

sativa. 

Series  1. 

Plot  6. 


7- 
6 
4 
5 
6 
5 


16 
95 
54 
32 
66 
32 


I 


lbs. 
10-22 
2-72 
1-08 
1-62 
2-61 
4-42 
4-62 
4-92 
4-81 
6-14 
6*40 
6-46 


Trifolium 
repens 

4-  or  — 
Wheat 
Land. 


+ 
+ 
+ 
+ 
+ 
+ 
-I- 
+ 
+ 
+ 
+ 
+ 


lbs. 
11-05 
19-68 
5-97 
4-94 
7-46 
5-20 
4-08 
6-06 
6-79 
8-19 
6-22 
7-67 


•J-  or  — 

TrifoUum  repens. 


Vicia 
satiya. 
Plot  4. 


lbs. 

—  18-74 

—  28-62 

—  7-07 

—  5-97 

—  4-49 

—  2-40 

—  0-76 

—  2-39 

—  3*73 

—  4-63 

—  3-50 

—  4-19 


Vicia 
sativa. 
Plot  6. 


lbs. 

—  20-68 

—  26-01 


7' 
6 
6" 
4' 
3 
3 
3 
4 
2 
3 


36 
12 
56 
35 
40 
42 
40 
81 
76 
06 


SUMHAKT. 


1-27 

28-54 

66-81 

82-108 

30-37 
7-89 
7-60 
6-54 

67-07 
25-48 
24-53 
28-62 

17-64 
12-62 
17-65 
16-30 

14-02 

8-45 

14-25 

18-00 

•{-  36-70 
+  17-59 
+  16-93 
+  22-08 

—  49-43 

—  12-86 

—  6-88 

—  12-32 

—  63-06 

—  17-03 

—  10-28 

—  10-62 

1-54 
56-106 

38-26 
14-14 

92-66 
53-15 

30-26 
33-96 

22-47 
32-25 

+  54-29 
+  39-01 

—  62-29 

—  19-20 

-70-08 
—  20-90 

1-108 

62-40 

146-70 

64-21 

64-72 

+  93-30 

-  81-49 

—  90-98 

The  first  point  to  notice  is  that,  at  each  depth,  from  the  first  to  the 
twelfth,  the  Trifolium  repens  soil  contains  much  more  nitrogen  as  nitric 
acid  than  the  Wheat  fallow  soil ;  and,  as  the  figures  at  the  hottom  of 
the  Table  show,  whilst  to  the  total  depth  of  108  inches,  or  9  feet,  the 
Wheat  fallow  soil  is  estimated  to  contain  per  acre  only  52*4  lbs.  of 
nitrogen  as  nitric  acid,  the  TrifoUum  repens  soil,  that  is  the  Leguminous 
plant  soil,  contained  to  the  same  depth  145-7  lbs. 

Now,  independently  of  the  fact  that  the  Legaminous  plant  plots 
had  received  mineral  manures,  and  the  Wlieat  land  had  not,  the 
characteristic  difference  in  the  history  of  the  two  plots  was,  that  the 
one  had,  from  time  to  time  grown  a  Leguminous  crop,  and  the  other 
had  not,  and  the  one  which  had  grown  Leguminous  crops  contained,  to 
the  depth  of  9  feet,  nearly  3  times  as  much  nitrogen  as  nitric  acid  as 
the  Gramineous  crop  soil. 

The  difference  is  the  greatest  near  the  surface,  but  it  is  very 
considerable  down  to  the  lowest  depths.     In  the  first  three  depths, 
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there  is  more  than  twice  as  much  nitrogen  as  nitric  acid  in  tbe 
Trifolium  repmSy  as  in  the  Wheat  fallow  soil;  in  the  second  and  third 
3  depths,  there  is  more  than  3  times ;  and  in  the  fourth  3,  more  than  4 
times  as  much.  Hence  it  is  obvious,  that  any  loss  by  drainage  would 
be  much  the  greater  from  the  Trifolium  plot,  so  that  the  differenoe 
between  the  two  plots  was  probably  greater  than  the  figures  show. 

In  the  case  of  both  plots  the  actual  amount  of  nitrogen  as  nitric 
acid  is  the  greatest  near  the  surface,  indicating  more  active  nitrification  ^ 
and  the  greater  amount  in  the  TVtfoUum  soil  is  doubtle^  due  to  more 
nitrogenous  crop-residue  from  the  Leguminous  than  from  the  Grami- 
neous crop.  Indeed,  as  Table  XY.  (p.  32)  shows,  about  74  lbs.  of 
nitrogen  had  been  removed  in  the  Trifolium  repens  crops,  and  only  IS 
lbs.  in  the  Wheat,  in  1882^  and  none  from  either  in  1883,  the  year  of 
soil  sampling;  and  the  crop-residue  of  the  TriMivm  r^n$  would 
contain  much  more  nitrogen  than  that  of  the  Wheat.  But  it  is  not 
probable  that  the  excess  of  nitric  acid  in  the  Trifolium  soil,  together 
with  the  larger  amount  lost  by  drainage,  could  be  entirely  due  to  the 
nitrification  of  recent  crop-residue.  Some  found  in  the  lower  layers  is, 
however,  doubtless  due  to  washing  down  from  the  surface.  But  as, 
notwithstanding  much  more  nitrogen  had  been  removed  in  the  crops 
from  the  Leguminous  than  from  tne  Gramineous  crop  land  during  the 
preceding  30  years,  the  surface-soil  of  the  Leguminous  plot  remidned 
slightly  richer  in  nitrogen,  it  is  obvious  that  the  whole  of  the  nLtn)£;en 
of  the  nitric  acid  could  not  have  had  its  origin  in  the  aurface-^oil. 
If,  therefore,  it  did  not  come  from  the  atmosphere,  it  has  been 
derived  from  the  sub-soil. 

The  indication  is,  that  nitrification  is  more  active  under  tbe 
influence  of  Leguminous  than  of  Gramineous  growth  and  crop-reaidue 
There  would  not  only  be  more  nitrogenous  matter  for  nitrification,  but 
it  would  seem  that  the  development  of  the  nitrifying  organisms  is  the 
more  favoured.  Part  of  the  result  may,  therefore,  be  due  to  the 
passage  downwards  of  the  organisms,  and  the  nitrification  of  the  organic 
nitrogen  of  the  sub-soil. 

An  alternative  is,  that  the  soil  and  the  sub-soil  may  still  be  the 
source  of  the  nitrogen,  but  that  the  plants  may  take  up,  at  any  rate 
part,  as  ammonia,  or  as  organic  nitrogen.  To  this  point  I  shall  recur 
presently. 

Comparing  the  amounts  of  nitrogen  as  nitric  acid  in  the  Vieia  aaUva 
soils,  with  those  in  the  Trifolium  repens  soil,  it  is  to  be  observed,  that 
whilst  from  the  Trifolium  repens  soil  only  164  lbs.  of  nitrogen  had  been 
removed  per  acre  in  the  crops  of  the  five  years  to  1882  inclusive,  366 
lbs.  had  been  removed  in  the  Vicia  crops  to  the  same  date.  Then, . 
whilst  none  was  removed  in  crops  from  the  Trifotmn  plot  in  1883,  101 
lbs.  were  removed  in  the  Vicia  crops  just  before  soil-sampling.  Under 
these  circumstances,  one  of  the  Vida  soils  contains  81*5  lbs.,  and  the 
other  91  lbs.,  less  nitrogen  as  nitric  acid  per  acre,  than  the  Trtfoli$fm 
repens  soil. 

Of  course  we  cannot  know  exactly  how  much  was  at  the  disposal  of  • 
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the  plante  at  the  commencement  of  growth ;  but  if  there  had  only  been 
as  much  as  in  the  case  of  the  TrifoUum  plot,  it  is  seen  that  the 
deficiency  in  the  Vicia  soils  nearly  corresponds  with  the  amount 
removed  in  the  crop,  which  was  101  lbs.  It  mav  at  any  rate  safely 
be  concluded,  that  most,  if  not  the  whole,  of  the  nitrogen  of  the  Vicia 
crops,  had  been  taken  up  as  nitric  acid. 

But  as  the  Vida  crops  had  removed  much  more  in  the  preceding 
years  than  the  TrifoUum  crops,  so  also  would  their  crop-residue  be 
greater ;  and,  in  fact,  much  more  nitrogen  must  have  been  taken  up  by 
the  plants  each  year  than  the  figures  show ;  and  the  larger  the  crop- 
residue,  the  larger  would  be  the  amount  of  nitric  acid  for  each 
succeeding  crop.  But  the  crop  of  1883  was  also  large,  and  it  would 
leave  a  correspondingly  large  nitrogenous  crop-residue ;  leaving,  there- 
fore, a  large  amount  of  the  nitrogen  assimilated  to  be  otherwise 
accounted  for  than  by  previous  crop-residue. 

Lastly  in  reference  to  these  experiments,  it  is  seen  that,  at  each  of 
the  12  depths,  the  Vicia  soils  with  growth,  contained  much  less  nitric 
acid  than  the  TrifoUum  soil  without  growth;  and  the  difference  is 
much  the  greatest  in  the  upper  4  or  5  depths,  within  which  the  Vicia 
throws  out  by  far  the  larger  proportion  of  its  feeding  roots ;  but  the 
deficiency  is  quite  distinct  below  this  depth;  the  supposition  being 
that,  under  the  influence  of  the  growth,  water  had  been  brought  up 
from  below,  and  with  it  nitric  acid.  In  fact,  the  determinations 
showed  that,  down  to  the  depth  of  108  inches,  the  Vicia  soils  contained 
less  water  than  the  TVifoNum  soil,  in  amount  corresponding  to  between 
6  and  7  inches  of  rain,  or  to  between  600  and  700  tons  of  water  per 
acre. 

Experiments  of  the  same  kind  were  again  made  in  1885.  TrtfoUum 
ftpens  was  again  selected  as  the  weak  and  superficially  rooting  nlant, 
MeUhhn  hucantha  as  a  deeper  and  stronger  rooting  one,  ana  the 
Medicago  sativa  as  a  still  deeper,  and  still  stronger  rooting  plant. 
Sam^des  of  soil  were  taken  at  the  end  of  July  and  the  beginning  of 
August,  from  2  places  on  each  plot,  and,  in  each  case,  as  before,  to  12 
depths  of  9  inches  each,  or  to  a  total  depth  of  108  inches,  or  9  feet. 
It  will  suffice  to  quote  the  results  for  the  TVifilium  repens  and  the 
M^icago  saUva  plots.     They  are  given  in  Table  aVII.  (p.  36). 

It  is  seen  that  there  was  much  less  nitrogen  as  nitric  acid  in  the 
ThrifoKum  soil  in  1885,  after  the  removal  of  97  lbs.  in  the  crops,  than 
in  1888  (see  Table  XVL,  p.  33),  when  there  had  been  no  crop.  The 
deficiency  is  the  greatest  in  the  two  upper  layers,  but  it  extends  to  the 
fifth  depth,  representing  the  range  of  the  direct  and  indirect  action  of 
the  superficiid  roots.  Below  this  point  there  is,  however,  even  more 
than  in  1883  ;  due,  doubtless,  in  part  to  percolation  from  above  during 
the  two  preceding  seasons  without  growth,  and  possibly  in  part  to 
percolation  of  the  nitrifying  organisms,  and  the  nitrification  of  the 
nitrogen  of  the  sub-soil. 

Let  us  now  compare  the  results  relating  to  the  Mtdicago  mliva  with 
those  relating  to  the  TrifoUum  repens  soils. 
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TABLE  XVn. 

Nitoogen  as  Kifric  Acid,  per  acre,  lbs.,  in  the  soilB  and  snb-soils  of  some  experimental 
plots,  withont  Nitrogenoiw  Haouie  for  mote  than  30  y«an. 

HooBfleld,  Rothamsted. 

Samples  collected  July  29  to  Angnst  14, 1885. 


Depths. 

Rfirf  «B  1.    lfiB€nd  lUnores. 

TrifoUiiBi  repena. 

14fHiit»^^  ^^vrn^ 

Medicago  sstiTS 

Plots. 

Pi^t.'i. 

Inches. 

lbs. 

lbs. 

Iba. 

1-9 

11-50 

8-88 

—    2-62 

10-18 

1-38 

Ml 

—    0-27 

19-27 

0-90 

0-78 

—   0-12 

28-36 

1-86 

0-81 

—   1-06 

37-45 

7-08 

0-99 

—   609 

46-54 

11-31 

0-93 

—  10-38 

56-63 

13-14 

0-67 

— 1257 

64-72 

12-63 

0*81 

—  11-82 

73-81 

11-19 

0-70 

—  10-49 

82-90 

10-70 

0-61 

—  10-09 

91-99 

11-08 

0-44 

—  10-64 

100-108 
Total  .. 

9-96 

0-41 

—   9-55 

102-73 

17-04 

—  85-69 

1 

SUMM A&T  AMD  CONTROL. 

1-9 

11-60 

8-88 

—   2-62 

10-18 

1-38 

1-11 

—  0-27 

Uixtnreof  ( 
19.108  inches 

Total  .. 

88-02 

6'97 

-->  81-05 

100-90 

16-96 

—  88-04 

The  Table  of  the  estimated  nitrogen  in  the  produce  per  aere 
(p.  32),  shows  that,  whilst  from  the  oommeucement  to  1885  inoinsive, 
the  Trtfolftim  repena  yielded  only  261  lbs.  of  nitrogen  in  crops,  tbe 
Medieago  gave  917  fbs. ;  and  again,  whilst  in  1885,  the  year  of  soil- 
sampling,  the  Trifolium  gave  only  97  lbs.,  the  Msdicago  gare  270  lbs. 
It  is  farther  to  be  observed  that,  quite  accordantly  with  the  tisoal 
character  of  growth  of  Lucerne  in  agriculture,  with  the  increasing 
root-range,  and  consequently  increased  command  of  the  stores  of  the 
soil  and  sub-soil,  the  yield  of  nitrogen  increased  from  28  lbs.  in  the 
first  and  second  years,  to  337  lbs.  in  the  fifth  year  of  growth,  declining, 
however,  somewhat  afterwards. 

Under  these  circumstances  of  very  large  yields  of  nitrogen  in  tbe 
crops,  there  is,  at  every  one  of  the  twelve  depths,  less,  and  at  most 
very  much  less,  nitrogen  as  nitric  acid  remaining  in  the  soil  than  where 
so  much  less  had  been  removed  in  the  Tr^liutn  repens  crops.  The 
difference  is  distinct  even  in  the  upper  layers ;  but  it  is  very  striking 
in  the  lower  depths.  Thus,  there  is,  on  the  average,  not  one-twelfth 
as  much  nitric-nitrogen  in  the  lower  10  depths  of  the  soil  of  the 
deep-rooting  and  high-nitrogen  yielding  Medieago  aaiwa,  as  in  those  of 
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the  shallow-rooting  and  comparativelj  low  nitrogen  yielding  Trifolium 
repm8.  Indeed^  the  nitric  acid  is  nearly  exhausted  in  the  deep-rooting 
Medieago  siUiva  plot;  there  remaining,  to  the  total  depth  of  9  feet, 
only  about  17  lbs.  of  nitric-nitrogen,  against  more  than  100  lbs.  to  the 
same  depth  in  the  Tri/oHum  rep&ns  soil.  The  total  deficiency  of  nitric- 
nitrogen  in  the  Medieago  as  compared  with  the  Trifolium  repms  soil,  is 
seen  to  be  85*69  lbs.  according  to  one  set  of  determinations,  and  83*94 
lbs.  according  to  the  other. 

As  already  said,  we  cannot  know  what  was  the  stock  of  nitric* 
^trogen  in  the  soil  at  the  commencement  of  the  growth  of  the  season, 
or  the  amount  formed  during  the  growing  period.  But,  with  so  much 
more  Medieago  growth  for  several  previous  years,  it  seems  reasonable 
to  assume  that  there  would  be  much  more  nitrogenous  crop-residue  for 
nitrification  than  in  the  case  of  the  Trifolium  repens  plot. 

But  even  supposing,  for  the  sake  of  illustration,  that  each  year's 
growth  would  leave  crop-residue  yielding  an  amount  of  nitrogen  as 
nitric  acid  for  the  next  crop,  or  succeeding  crops,  approximately  equal 
to  the  amount  which  had  been  removed  in  the  crop,  the  increasing 
amounts  of  nitrogen  yielded  in  the  crops  from  year  to  year  could  not 
be  so  accounted  for ;  and  there  would  remain  the  amount  of  nitrogen 
in  the  crop-residue  itself,  still  to  be  provided  in  addition.  In  fact, 
assuming  the  proportion  of  nitrogen  in  the  crop-residue  to  that  in  the 
removed  crop  to  be  as  supposed  in  the  above  illustration,  nearly  700 
lbs.  of  nitrogen  would  have  been  required  for  the  Medieago  crop  and 
crop-residue  of  1884 ;  or,  if  we  assume  the  nitrogen  in  the  residue  to 
be  only  half  that  in  the  crop,  about  500  lbs.  would  have  been  required. 
Doubtless,  however,  some  of  the  nitrogenous  crop-residue  would 
accumulate  from  year  to  year. 

The  results  can  leave  no  doubt  that  the  Trifolium  repens,  and  the 
Medieago  saiiva^  have  each  taken  up  much  nitrogen  from  nitric  acid 
within  the  soil,  and  that,  in  fact,  nitric  acid  is  an  important  source  of 
the  nitrogen  of  the  Leguminosse.  Indeed,  existing  direct  experimental 
evidence  relating  to  nitric  acid,  carries  us  quantitatively  further  than 
any  other  line  of  explanation.  But,  it  is  obviously  quite  inadequate  to 
account  for  the  facts  of  growth,  either  in  the  case  of  the  Medieago  eativa 
ftfter  the  Glover,  or  in  that  of  the  Clover  after  the  Beans. 

It  is  obvious  that,  if  nitric  acid  were  the  source  of  the  whole, 
there  must  have  been  a  great  deal  formed  by  the  nitrification  of  the 
nitrogen  of  the  sub-soil.  A  difficulty  in  the  way  of  the  assumption 
that  nitric  acid  is  the  exclusive,  or  even  the  main  source  of  the  nitrogen 
of  the  Leguminosse  is,  that  the  direct  application  of  nitrates  as  manure, 
has  comparatively  little  effect  on  the  growth  of  such  plants.  In  the 
^ase  of  the  direct  application  of  nitrates,  however,  the  nitric  add  will 
percolate  chiefly  as  sodium  or  calcium  nitrate,  unaccompanied  by  the 
other  necessary  mineral  constituents  in  an  available  form  ;  whereas,  in 
the  case  of  nitric  acid  being  formed  by  direct  action  on  the  subsoil, 
it  is  probable  that  it  will  be  associated  with  other  constituents, 
liberated,  and  so  rendered  available,  at  the  same  time. 
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EXPERIMENTS  ON  THE  NITRIFICATION  OF  SOILS  AND  StlB-SOIIA 

It  was  obviously  important  to  determine  by  direct  ezperiment, 
whether  the  nitrogen  existing  in  a  oomparatively  insolable  eondidon  in 
law  elay  sub-eoil^  was  suaeeptiUe  of  nitrification. 

It  had  already  been  found  at  Botiiamsted,  that  the  sab^oiis  of  rich 
PrairieJand  were  saliject  to  nitrification ;  but  oonsidmng  the  conditiena 
of  the  collection  and  transmisaion  of  the  saiaples  in  questioii,  it  was 
considered  possible  that  comparatively  recent  organic  matter  from  the 
surface-soil  might  not  have  been  entirely  exolnded.  Accordingly, 
experiments  were  made  with  some  of  the  Bothamated  raw  clay  sub-aoila. 

The  peroentages  of  total  nitrogen  in  the  samples  was  determined^ 
The  nitroflen  as  nitric  acid  was  determined  in  the  dry  sifted  soil,  both 
before  and  after  exposure  for  some  months  under  saitable  conditions  as 
to  temperature  and  moisture.  After  the  first  extraction,  the  soils  were 
seeded  with  from  O'i  to  0*2  gram  of  rich  garden-soil,  assumed  to 
contain  nitrifying  organisms,  and  by  0*2  gram  more  after  some  sob- 
seqaenl  extractions.  Further,  after  3  or  4  extractions,  which  had  of 
course  removed  the  solabie  mineral  matters,  a  mineral  mixtmre  was 
added. 

The  results  have  been  given  and  discussed  in  detail  elsewhere,  and 
their  general  indication  may  be  stated  as  follows  s-^Resnlts  obtained 
with  raw,  and  mostly  day,  snb^soils,  which  contain  not  more  than  6  or  8 
parts  of  carbon  to  I  of  nitrogen,  confirm  those  previously  obtained 
with  Prairie  sub-soils  containing  a  much  higher  proportion  of 
carbon,  in  showing,  that  their  nitrogen  is  susceptible  ol  nitrifioadoiiy 
provided  the  organisms,  and  other  essential  conditions,  are  not  wanting* 
The  results  also  consistently  showed,  that  there  is  more  active  niteifi- 
cation  in  Leguminous  than  in  Gramineous  crop  subeoiis.  This^  it 
must  be  supposed,  is  partly  due  to  more  active  developm^it,  and 
greater  distribution,  of  the  organisms  themselves,  under  the  influence 
of  the  Leguminous  growth,  with  its  excretions  and  residue,  and  partly 
to  the  greater  actual  amount  of  such  easily  changeable  matters,  with 
the  greater  amount  of  nitrogenous  crop-residue. 

The  results  are  also  confirmed  by  those  of  expM'iments  made  in  the 
Bothamsted  Laboratory  by  Mr.  Warington,  on  quite  distinct  lines.  His 
plan  was  to  introduce  a  portion  of  the  subsoil  into  a  steriliaed  nitro- 
genous liquid,  and  to  determine  whether  nitrification  took  place;  the 
result  being  taken  to  show  whether  or  not  the  organisms  were  present 
in  the  sub-soil.  From  his  first  results  he  concluded  that  in  our  ciay 
soils  the  nitrifying  organism  is  not  uniformly  distributed  much  below 
9  inches  from  the  surface ;  that  it  is  sparsely  distributed  down  to  18 
indies,  or  possibly  somewhat  furth^ ;  but  tjiot  at  depths  from  2  ieet 
to  8  feet,  there  was  no  trustworthy  evidence  to  show  that  the  elay 
contained  the  nitrifying  organism. 

Subsequently,  he  experimented  with  a  greater  variety  of  sub-soils, 
and  with  some  taken  in  the  immediate  nei^bourhood  of  luoene 
roots,  and  gypsum  was  added  to  the  sterilized  liquids. 
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Among  the  69  experiments  made  in  this  new  series^  there  was  no 
failure  to  produce  nitrification  by  samples  down  to  2  feet ;  there  was 
only  one  future  out  of  11  trials  down  to  3  feet ;  but  below  3  ieetf  the 
fiiilures  were  more  numerous.  TUen  at  6  feet,  about  half  tlie  samples 
induced  nitrification.  The  order  of  priority  of  nitrification  diminished 
ffom  the  upper  to  the  lower  depths  ;  indicating  more  sparse  occurrence, 
or  more  feeble  power  of  development  and  action.  There  was,  moreover, 
notably  more  active  niftrifioation  with  l&e  Legnihitious  than  with  the 
Ommineous  crop  sub-soils. 

It  16,  then,  established,  that  the  nitrogenous  matters  of  raw  clay 
sub-soils  are  suaceptiUe  of  nitrification,  if  the  organisms,  with  the 
other  necessary  conditions,  are  present.  It  is  further  indicated,  not 
only  that  the  action  is  more  marked  under  the  influence  of  Legaminous 
than  of  Oramineous  growth  and  crop-residue,  but  that  the  organisms 
become  distributed  to  a  considerable  depth,  even  in  raw  clay  sub-soils, 
eepecially  where  deep  rooted  and  free  growing  Lieguminosse  have 
developed. 

The  next  question  is,  how  far,  in  a  quantitative  sense,  do  the 
results  aid  us  in  explaining  the  source  of  the  large  amounts  of  nitrogen 
taken  up  by  some  Leguminous  crops  ) 

In  the  case  of  three  Leguminous  crop  sub-soils  there  was,  over  the 
total  period,  only  about  1  part  of  nitrogen  nitrified  por  million  of  soil ; 
and  as  the  sub-soil,  to  the  depth  experimented  on,  would  weigh  abont 
30  million  lbs.  per  acre,  the  amount  of  nitrification  supposed  would 
represent  only  about  30  lbs.  of  nitrio-nitrogen  per  aere.  Obviously  the 
coaditions  of  nitrification  in  which  the  samples  are  exposed  in  the 
Laboratofy  are  very  different  from  those  of  the  sub-soil  tn  situ.  Thus, 
whilst  in  the  case  of  the  samples  in  the  Laboratory,  the  conditions  as 
to  temperature,  and,  perhaps  of  aeration,  would  be  the  more  favourable, 
the  successive  extractions  by  water  under  pressure,  would  be  liable  to 
renckove,  not  only  the  mineral  matters  essential  for  the  development  of 
the  organisms,  and  for  the  production  of  nitric  acid,  but  the  organisms 
thenselves ;  whereas,  in  the  case  of  the  natural  sub^Knl,  the  tendency 
would  be  to  multiplication. 

Compared  with  the  small  amount  of  nitrification  of  the  nitrogen  of 
the  raw  clay  sub-soils  shown  in  the  foregoing  experiments,  some  results 
obtainsd  by  Mr.  Warington,  in  experiments  in  which  he  mixed  raw  clay 
sub^soil  with  an  equal  weight  of  coarsely  powdered  flint,  seeded  the 
mixture  with  rich  garden-soil,  moistened  it,  and  placed  it  in  a  vessel 
allowing  of  free  access  of  washed  air,  show,  in  one  case  12*9  and  in 
the  other  11*8  parts  of  nitrogen  nitrified  per  million  of  sub-soil;  and, 
when  mineral  plant  food  was  added  to  the  subsoils,  the  amounts  of 
nitrogen  nitrifiod  were  raised  to  21*4,  and  14*2,  parts,  per  million.  It 
is  obvious,  therefore,  that  there  would  be  little  difiioulty  in  accounting 
even  for  the  large  amounts  of  nitrogen  taken  up  by  the  Msdicago  saHva 
were  it  established,  which  it  certainly  is  not,  that  coincidently  vrith  the 
deefKrooted  growth,  both  the  nitrifying  organisms,  and  air,  were 
abundantly  present  in  the  sub-soiL 
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Indeed,  the  greatest  difficulty  in  the  way  of  the  suppoation  that 
much  nitrogen  is  available  to  plants  by  the  nitrification  of  the  nitrogen 
of  the  sub-soil,  is  the  want  of  sufficient  aeration.  Independently  of  the 
greater  or  less  porosity  of  the  subsoil  itaelf,  and  of  the  channels 
formed  by  worms,  it  is  obvious  that,  wherever  the  roots  go,  water  and 
its  contents  can  follow;  and  that,  with  deep-rooted  plants,  and  free 
growth,  there  will  be  active  movement  of  water,  and  there  must  be  of 
air  also,  in  the  lower  layers  of  the  soil.  In  experiments  made  in  1882, 
there  remained  in  the  Meliloius  soil,  less  water  than  in  the  TVtfoUum 
repens  soil  where  there  had  been  less  growth,  in  amount  corresponding, 
down  to  a  depth  of  54  inches,  to  a  loss  of  540  tons  per  acre,  or  nearly 
5^  inches  of  rain ;  and,  as  already  stated,  in  1883,  the  Vicia  saliva  soils 
showed,  down  to  108  inches,  less  water  than  the  TrifoUum  repens  soil,  in 
amount  corresponding  to  between  600  and  700  tons  per  acre,  or  to 
between  6  and  7  inches  of  rain.  Obviously  too,  the  still  deeper 
rooting,  and  still  freer  growing,  Medieago  saliva^  would  remove  still 
more  water. 

Although  much  experiment,  and  much  calculation,  have  been 
devoted  by  several  investigators  to  the  estimation  of  the  degree  of 
aeration  of  soils  and  subsoils  of  different  character,  the  data  at 
command  do  not  justify  any  very  definite  conclusions  on  the  subject 
The  results  seem  to  indicate  a  probable  range  of  aeration  from  about 
30  to  over  50  per  cent,  of  the  volume  of  the  soil.  But  these  estimates 
do  not  take  into  account  the  varying  amounts  of  water  in  the  soil  or 
sub-soil.  In  the  ease  of  the  sub-soils  above  referred  to,  each  layer  of 
9  inches  in  depth  retained  from  about  2  to  nearly  4  inches  of  water, 
the  amount  varying  very  much,  according  to  the  nature  of  the  subsoil, 
and  especially  according  to  the  amount  of  growth,  and  the  consequent 
withdrawal  of  water  from  below,  and  its  evaporation,  chiefly  through 
the  plant,  but  partly  also  from  the  surface  soil.  The  amount  must, 
obviously,  also  vary  very  much  according  to  the  character  of  the 
season. 

It  may  be  stated  that,  supposing  the  sub-soil  contained  at  one  time, 
air  equal  to  one  third  of  its  volume,  this  would  not  suffice  for  the 
nitrification  of  as  much  nitrogen  as  was  taken  up  each  year,  for  several 
years  in  succession,  by  the  Msdicaqo  sativa ;  or  during  the  two  years  in 
the  case  of  the  Red-clover  on  the  Bean-exhausted  land.  But  the 
nitrogen  is  not  taken  up  all  at  once,  though  much  of  it  will  be  within 
a  few  months  of  the  year,  during  which  period  there  would  be  the 
most  active  withdrawal  of  water  from  below,  and  evolution  by  the 
plant,  and  evaporation  by  the  surface-soil.  The  replacement  of  this 
sub-soil  water  by  an  equal  volume  of  air  would,  however,  still  not 
suffice.  The  question  obviously  arises— *how  far,  or  how  rapidly,  the 
used  up  oxygen  will  be  replaced,  and  on  this  point  there  is  very  little 
experiments  evidence  to  aid  us. 

Thus,  then,  the  evidence  is  clear,  that  the  nitrogen  of  raw  day 
sub-soils,  which  constitutes  an  enormous  store  of  already  combinad 
nitrogen,  is  susceptible  of  nitrification,  provided  the  oi^nisms  are 
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present,  and  the  supply  of  oxygen  is  sufficient;  but  the  data  at 
command  do  not  justify  the  conclusion  that  these  conditions  would  be 
adequately  available  in  such  cases  as  those  of  the  very  lai^  aooumula- 
tions  of  nitrogen  by  the  Bed-clover  gro#n  after  the  Beans,  and  of  the 
increasing,  and  very  large  accumulations,  by  the  Medicago  saHva^  for  a 
number  of  years  in  succession. 

The  alternatives  are — either  that  the  plant  may  take  up  nitrogen 
from  the  sub-soil  in  some  other  way,  as  ammoma,  or  as  organic 
nitrogen ;  or  that  the  free  nitrogen  of  the  atmosphere  is  in  some  way 
brought  under  contribution. 

CAN  ROOTS,  BY  VIRTUE  OF  THEIR  ACID  SAP,  ATTACK,  AND  RENDER 
AVAILABLE,  THE  OTHERWISE  INSOLUBLE  NITROGEN  OF  THE  SUB-SOIL^ 

In  reference  to  the  first  of  the  above  alternatives,  the  question 
suggested  itself  whether  roots,  by  virtue  of  their  acid  sap,  may  not, 
either  directly  take  up,  or  at  any  rate  attack  and  liberate  for  further 
change,  the  otherwise  insoluble  organic  nitrogen  of  the  sub-soil  f 

Accordingly,  in  the  autumn  of  1885,  specimens  of  the  deep,  strong, 
fleshy  root  of  the  Medicago  saiiva  were  collected  and  examined ;  when 
it  was  found  that  the  sap  was  very  strongly  add.  The  degree  of 
acidity  of  the  juice  was  determined ;  and  attempts  were  made  so  to 
free  the  extract  from  nitrogenous  bodies  as  to  render  it  available  for 
determining  whether  or  not  it  would  attack  and  take  up  the  nitrogen 
of  the  raw  clay  sub-soil.  Hitherto,  however,  these  attempts  have  been 
unsuccessful.  But  it  may  be  of  interest  to  state,  as  indicating  the 
extent  of  the  command  of  the  sub-soil  which  such  plants  acquire,  that, 
of  the  3  plants  collected,  the  roots  of  one  had  four  branches,  respec- 
tively, 6  feet  4^  inches,  5  feet  10^  inches,  3  feet  6^  inches,  and  2  feet 
9^  inches,  in  length ;  the  second  had  two  branches — 4  feet  10,  and  2 
feet  2  inches,  long ;  and  the  third  two  branches — 3  feet  9,  and  1  foot  9 
inches,  in  length. 

ACTION  OP  DILUTE  ORGANIC  ACID  SOLUTIONS  ON  THE  NITROGEN 

OF  SOILS  AND  SUB-SOILS. 

Experiments  were  next  made  to  determine  the  action  on  soils  and 
snlysoils,  of  various  organic  acids,  in  solutions  of  a  degree  of  acidity 
either  approximately  the  same  as  that  of  the  Medicago  saiiva  root-juice, 
or  having  a  known  relation  to  it.  These  experiments  and  their  results 
have  been  fully  detailed  elsewhere,  and  only  their  general  indications 
can  be  referred  to  here. 

Obviously,  however,  the  conditions  of  experiments  in  which  an  acid 
solution  is  agitated  with  a  quantity  of  soil  in  a  bottle,  are  not 
comparable  with  those  of  the  action  of  living  roots  on  the  soil.  The 
root  action  would  necessarily  affect  only  a  very^small  proportion  of  the 
total  soil.  But  the  results  showed,  that  the  m(N:e  nitrof^en  was  taken 
up  the  greater  the  acidity  of  the  solution,  and  the  question  arises, 
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whether  the  root  action  would  not  eflfect  more  resolution  on  the  sarfiu»8 
actually  attacked.  Indeed,  this  must  necessarily  be  the  case,  if  such  aa 
action  is  really  quantitatively  an  important  source  of  tli^  nitrogen 
taken  up  by  deep  and  strong  rooting  plants,  with  strongly  aeid«ap. 
In  illustration  of  this  necessity  it  may  be  stated  that,  even  if  as  muck. 
as  20  parts  of  nitrogen  were  taken  up  per  million  of  soil,  as  was 
the  case  in  some  of  the  experiments,  this  would  only  represent  600  lbs. 
of  nitrogen  per  acre  to  the  depth  examined,  namely,  108  iuches. 

Upon  the  whole,  the  experiments  on  the  action  of  weak  oiganio 
acid  solutions  on  raw  clay  sub-soil,  did  not  give  results  from  which  any 
very  definite  conclusions  can  be  drawn,  as  to  the  probability  that  the 
action  of  roots  on  the  soil,  by  virtue  of  their  acid  sap,  is  quantitatively 
an  important  source  of  the  nitrogen  of  plants  having  an  extended 
development  of  roots,  of  which  the  sap  is  strongly  acid. 

That  roots  do  attack  certain  mineral  substances  by  virtue  of  their 
acid-sap,  was  established  by  Sachs.  It  was  to  carbonic  add  that  he 
attributed  the  action  ;  but  there  seems  no  reason  to  suppose  that  other 
acids  in  the  root-sap  may  not  exert  a  similar  action.  The  published 
results  of  Sachs  and  others  have,  however,  reference  only  to  the  taking 
up  of  mineral  substances  from  the  soil  by  virtue  of  such  an  action  ; 
and  the  possibility  or  probability  that  the  nitrogen  of  the  soil  or 
sub-soil  is  so  taken  up,  has,  I  believe,  not  been  considered. 

As  beariog  on  the  point,  it  may  be  stated  that  Dr.  6.  Loges  and 
M.M.  Bertheiot  and  Andr^,  by  extracting  rich  soils  by  strong  hydro- 
chloric acid,  have  found  that  soluble  amides  are  obtained.  Supposiog 
the  acid  root-sap  so  to  act  on  the  insoluble  organic  nitrogen  of  the  soil, 
and  especially  of  the  subnsoil,  the  question  would  still  remain — wliether 
the  amide  rendered  soluble  is  taken  up  by  the  plant  as  such,  as  seems 
to  be  probable  in  the  case  of  the  fungi,  or  whether  it  undergoes 
further  change — into  ammonia  or  nitric  acid — before  serving  as  food 
for  the  plants  1 

The  first  point  to  consider  is,  then,  whether  chlorophyllous  plants 
can  take  up  amide-bodies  and  assimilate  their  nitrogen  ? 

Many  vegetation  experiments  have  been  made  to  determine  this 
point.  In  the  case  of  experiments  in  which  soil  was  used  as  a  matriXj 
it  seemed  probable  that  the  amide-body  suffered  change  before  becoming 
available  as  a  source  of  nitrogen.  In  the  case  of  some  water-culture 
experiments,  however,  it  was  concluded  that  the  amide<body  was  taken 
up  by  the  plant  as  such,  and  contributed  directly  as  a  source  of  nitrc^en 
to  it.  It  would  seem  not  improbable,  therefore,  that  they  might  take 
up  directly,  and  utilize,  amide-bodies  rendered  soluble  within  the  soil 
by  the  action  of  their  acid  root-sap. 

As  a  portion  of  the  nitrogen  of  the  soil,  when  acted  upon  by  acids, 
is  liberated  as  ammonia,  it  is  a  queiition  whether  this  will  be  either  wholly, 
or  partially,  nitrified,  before  being  taken  up  by  the  plant  Obviously, 
too,  if  the  portion  brought  into  the  condition  of  soluble  amide,  be  not 
taken  up  as  such,  it  also  will  be  subject  to  further  change ;  perhaps 
first  into  ammonia,  and  then  into  nitric  acid.  But,  on  such  a  supposition. 
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we  should  obviouBly  be  again  met  with  the  difficnlties  in  the  way  of 
asBaming  that  the  conditions  within  the  sub-soil  would  be  adequate 
for  so  much  nitrification. 

It  will  be  seen,  therefore,  that  although  significant  indications  hare 
been  obtained,  both  as  to  the  importance  of  nitric  acid  as  a  source  of 
the  nitrograi  of  the  Leguminosse,  and  as  to  the  action  of  acids  in 
rendering  soluble  the  otherwise  insoluble  nitrogenous  compounds  of 
soils  and  sub-soils,  yet  on  neither  of  these  points  is  the  evidence  at 
present  ayailable,  adequate  to  account  satisfactorily  for  the  facts  of 
growth. 

It  will  be  of  interest,  briefly  to  refer  to  some  evidence  relating  to 
another  mode  in  which  green-leaved  plants  may  acquire  nitrogen  from 
the  stores  already  existing  in  the  combined  state,  but  in  an  insoluble 
condition,  in  the  soil  and  sub-soil. 

Thus,  Professor  Frank  has  observed  that  the  feeding  roots  of 
certain  trees  are  covered  with  a  fungus,  the  threads  of  which  force 
themselves  between  the  epidermal  cells  into  the  root  itself,  investing 
the  cell,  but  not  penetrating  the  fibro-vascular  tissue.  In  such  cases 
the  root  itself  has  no  hairs ;  but  there  are  similar  bodies  external  to 
the  fungus-mantle,  which  are  prolonged  into  threads  among  the  particles 
of  soil.  The  fungus-mantle  dies  off  on  the  older  portions  of  the  root, 
and  its  extension  is  confined  to  the  younger  parts,  those  which  are 
active  in  the  acquirement  of  nutriment. 

Frank  considers  that  the  conditions  are  those  of  true  symbiosis; 
and  that  the  chlorophyllous  tree  acquires  the  carbon,  and  the  ^ngus 
the  water  and  the  mineral  matters,  that  is  the  soil-nutriment.  He  did 
not  refer  to  nitrogen,  but  there  seems  no  reason  to  suppose  that  the 
fungus  could  not,  as  do  the  fungi  in  the  case  of  fisiiry  rings  for  example, 
avail  it43elf  of  the  organic  nitrogen  of  the  soil. 

Here,  then,  is  a  mode  of  accumulation  of  soil-nutriment  by  some 
green  leaved  plants,  which  so  far  allies  them  very  closely  to  fungi 
themselves.  Indeed,  it  is  by  an  action  on  the  soil  which  characterises 
Tion-chlorophyllous  plants,  and  by  virtue  of  which  they  are  enabled  to 
take  up  nutriment  not  available  to  most  green-leaved  plants,  that  the 
chlorophyllous  plant  itself  acquires  its  soil  supplies  of  nutriment.  It 
can  readily  be  supposed  that,  under  such  circumstances,  the  tree  may 
acquire  not  only  water  and  mineral  matter,  but  both  organic  carbon, 
and  organic  nitrogen,  from  the  soil.  In  reference  to  this  point  it  may 
be  stated  that,  from  the  evidence  so  far  at  command,  it  was  concluded 
that  the  action  is  the  most  marked  in  the  surface  layers  of  the  soil  rich 
in  humus. 

So  far  as  this  is  the  case,  it  is  obvious  that  such  an  action  of  fungi 
on  the  soil  does  not  aid  us  in  the  explanation  of  the  acquirement  of 
nitrogen  from  raw  clay  sub-soil,  by  the  deep  and  strong  rooted 
Legumino88B. 

Further,  it  is  distinctly  stated,  that  the  fungus  development  in 
question  has  not  been  observed  on  the  roots  of  any  herbaceous  plants. 
It  is,  nevertheless,  a  point  of  interest,  should  it  be  established,  that  by 
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Special  means,  in  special  cases,  tiie  oiganic  nitrogen  of  the  soil  may 
eontrilMite  to  the  supply  of  nitrogen  to  chlorophjHoos  plants. 

I  have  now  considered  in  some  detail  the  sources  of  alroad j 
combined  nitrogen  available  to  our  crops ;  and  the  evidence  points  to 
the  conclusion  that,  independently  of  the  small  amount  of  combined 
nitrogen  annually  coming  from  the  atmosphere  in  rain,  and  the  minor 
aqueous  deposits,  the  source  of  the  nitrogen,  at  any  rate  of  most  of  oor 
crops,  is  the  stores  already  existing  within  the  soil  and  sub-soil,  or 
those  provided  by  manora  It  has  further  been  seen  that  the  combined 
nitrogen  is  largely  taken  up  as  nitric  acid,  or  rather  as  nitrates.  But 
it  is  nevertheless  obvious,  that  we  have  yet  to  seek  for  an  explanation 
of  the  source  of  the  whole  of  the  nitrogen  of  the  L^uminosffi  in 
some  cases. 

We  are  brought  to  enquire,  therefore,  what  is  the  evidence  relating 
to  the  question  of  fh^fixtxHon  if  fir^e  mtrogen^  by  the  plant,  by  the  soil, 
or  otherwise  f 

EVIDENCE  AS  TO  THE  FIXATION  OF  FREE  NITROGEN. 

Even  nearly  a  century  ago,  it  was  a  matter  of  discussion  whether 
plants  took  up,  or  evolved,  free  nitrogen  ;  and  it  is  just  about  half  a 
century,  since  Boussingault  commenced  a  series  of  vegetation  experi- 
ments to  determine  whether  plants  do  assimilate  the  free  nitrogen  of 
the  atmosphere.  From  the  results  then  and  subsequently  obtained,  he 
concluded  that  they  did  not;  and  results  obtained  at  Rothamated 
nearly  30  years  ago  confirmed  those  of  Boussingault.  But  others 
came  to  an  opposite  conclusion  ;  and  a  somewhat  active  controversy 
was  maintained  on  the  subject  for  some  time.  Eventually  it  seemed  to 
be  pretty  generally  admitted,  that  plants  did  not  directly  assimilate 
the  free  nitrogen  of  the  air.  During  the  last  few  years,  however,  the 
discussion  has  assumed  a  somewhat  different  aspect. 

The  question  still  is,  whether  the  free  nitrogen  of  the  air  is  an 
important  source  of  the  nitrogen  of  vegetation ;  but  whilst  few  now 
adhere  to  the  view  that  chlorophyllous  plants  directly  assimilate  free 
nitrogen  ;  it  is  nevertheless  assumed  to  be  brought  under  contribotion 
in  various  ways — coming  into  combination  within  the  soil,  under  the 
influence  of  electricity,  or  of  micro-organisms,  or  of  other  low  forms, 
and  so  indirectly  serving  as  an  important  source  of  the  nitrogen  of 
plants  of  a  higher  order. 

Several  of  the  investigations  in  the  lines  here  indicated,  seen  to 
have  been  instigated  by  the  assumption,  that  naturid  compensation 
must  be  found,  for  the  losses  of  combined  nitrogen  which  the  soil 
sustains  by  the  removal  of  crops ;  and  for  the  losses  which  result  from 
the  liberation  of  nitrogen  from  its  combinations,  under  varioas 
circumstances. 

It  was  about  1876,  that  M.  Berthelot  called  in  question  the 
legitimacy  of  the  conclusion  that  plants  do  not  assimilate  the  free 
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Ykitrogeu  of  the  air,  when  drawn  from  the  results  of  experiments  in 
which  the  plants  were  so  enclosed  as  to  exclude  the  possibility  of 
electrical  action.  More  recently,  he  has  objected  to  experiments  so 
conducted  with  sterilised  materials,  on  the  ground  that,  under  such 
conditions,  the  presence,  development,  and  action,  of  micro-organisms, 
are  excluded. 

There  is,  however,  I  believe,  nothing  in  the  recent  results,  either  of 
Berthelot  or  of  others,  which  can  be  held  to  invalidate  the  conclusion, 
drawn  from  the  results  of  Boussingault,  and  from  those  obtained  at 
Sothamsted  about  30  years  ago,  that  the  higher  plants  do  not  fix 
the  free  nitrc^en  of  the  atmosphere,  under  the  conditions  then  adopted, 
which,  it  is  admitted,  were  such  as  to  exclude,  both  electrical  action, 
and  the  influence  of  micro-organisms. 

I  propose  now  to  give  a  brief  account  of  recently  published 
results  and  conclusions  m>m  experiments  for  the  most  part  made 
under  such  conditions  as  not  to  exclude  the  possibility  of  the 
influence  of  electricity,  or  of  micro-organisms.  The  first  to  notice  are 
those  of  M.  Berthelot  himself. 

M.  Berthelot  first  showed  that  free  nitrogen  was  fixed  by  various 
organic  compounds,  under  the  influence  of  the  silent  electric  discharge, 
at  the  ordinary  temperature ;  and  he  suggested  that  such  actions 
probably  take  place  in  the  air  during  storms,  and  when  the  atmosphere 
is  charged  with  electricity,  organic  matters  absorbing  nitrogen  and 
oxygen.  Be  also  experimented  with  currents  of  much  weaker  tension, 
more  comparable  with  those  incessantly  occurring  in  the  air,  and  in  all 
cases  he  found  that  nitrogen  was  fixed  by  the  organic  substance.  The 
gains  were  in  amount  sucn  as  would  explain  the  source  of  the  nitrogen 
which  he  considers  crops  must  derive  from  the  atmosphere. 

Subsequently,  he  found  that  free  nitrogen  was  brought  into 
combination  by  argillaceous  soils,  when  exposed  in  their  natural 
condition,  but  not  when  they  were  sterilised.  He  also  found  gain 
when  the  natural  soils  were  enclosed.  He  considered  the  results 
showed  that  there  was  gain  of  nitrogen  quite  independently  of  any 
absorption  of  combined  nitrogen ;  in  fact  that  there  was  fixation  of 
free  nitrogen  due  to  living  organisms.  He  further  considered  that 
such  gains,  not  only  serve  as  compensation  for  exhaustion  by  cropping, 
Scc.y  but  explain  how  originally  sterile  argillaceous  soils  eventually 
become  vegetable  moulds. 

He  also  made  experiments  on  the  fixation  of  free  nitrogen  by 
vegetable  earth  supporting  vegetation  ;  and  he  found  that  there  was  a 
gain  about  equally  divided  between  the  soil  and  the  plant,  the  latter 
having  taken  it  up  from  the  soil,  which  he  considers  is  the  true  source 
of  gain. 

The  results  obtained  under  the  influence  of  the  silent  discharge  in 
hringing  free  nitrogen  into  combination  with  certain  vegetable  prin- 
ciples, of  course  owed  their  special  interest  to  the  inference  that  thus 
firee  nitrogen  might  be  brought  into  combination  within  the  soil,  or 
within  the  plant ;  but  M.  Berthelot  subsequently  considered  it  doubtful 
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whether  the  higher  pknte  do  bring  free  nitrogen  into  combination  at 
all.  Quite  recently,  however,  he  has  made  new  experiments,  from 
which  he  oonclades  that  nitrogen  is  fixed  under  the  inflaence  of 
electricity,  both  in  the  soil  with  its  mierobes,  bat  without  higher 
▼egetation,  and  in  soil  with  higher  vegetation. 

Obviously  if  there  are  organic  compounds  within  the  soil  which 
have  the  power  of  bringing  free  nitrogen  into  combination  under  the 
influence  of  electricity,  the  soil  may  be  the  source,  and  yet  the  agent 
may  be  the  feeble  electric  current.  But,  so  far  as  it  is  assumed  that 
free  nitrogen  is  brou^t  into  combination  in  the  atmosphere  itself,  the 
resulting  compounds  will  be  found  in  the  air,  and  in  the  aqueoos 
depositions  from  it ;  and  the  limit  o£  the  amount  of  combined  nitrogen 
so  available  over  a  given  area,  in  Europe  at  any  rate,  is  pretty  well 
known. 

M.  Deh^rain  sought  to  determine  the  actual  losses  or  gains  in  the 
field,  under  the  influence  of  difierent  manures,  of  different  crops,  and 
of  different  modes  of  cultivation.  Experiments  were  made  with 
various  crops,  each  of  which  was  grown  without  manure,  and  with 
three  different  descriptions  of  manure,  applied  for  a  series  of  years, 
and  then  the  crop  was  grown  without  manure  for  some  years  more. 

The  nitrogen  was  detennined  in  the  soil,  before  the  commencement 
of  the  experiments  in  1875 ;  in  1878  after  three  years  of  manuring 
and  cropping ;  in  1881  after  four  years'  cropping  without  farther 
manuring ;  and  in  the  case  of  sainfoin  followed  by  mixed  grasses,  in 
1885  also.  Lastly,  the  nitrogen  in  the  crops  was  only  estimated.  fVom 
these  data,  the  losses  or  gains  of  nitrogen  by  the  soil,  during  the 
different  periods,  under  the  influence  of  the  different  manures  and 
crops,  were  calculated. 

With  regard  to  the  actual  amounts  of  loss  or  gain  of  nitrogen 
found  in  M.  Deh^rain's  experiments,  the  losses  especially  are  extremely 
large,  indeed  they  were  far  in  excess  of  anything  that  has  come  within 
our  own  knowledge  and  experience,  and  liiey  were  in  amount  such  as 
reflection  must  show  cannot  possibly  occur  in  actual  practice. 

The  question  arises — ^how  are  such  results  to  be  explained  t  I 
think  there  can  be  little  doubt  that  in  the  method  of  taking  the 
samples  of  soil  for  analysis,  an  explanation  is  to  be  found  ;  and  I  have 
the  less  hesitation  in  suggesting  this,  since  we  fully  admit,  that  our  own 
early  results,  obtained  under  somewhat  similar  conditions,  are  quite 
inapplicable  for  anything  like  accurate  estimates  of  nitrogen  per  acre. 

In  fact,  it  may  be  concluded  that,  certainly  the  estimated  losses  by 
the  surface-soils,  and  probably  also  the  estimated  gains,  are  highw  than 
can  possibly  happen  in  practice ;  and  that  the  results  are  due  to  the 
samples  of  soil  not  being  taken  in  such  a  way,  as  to  ensure -strictly 
comparable  estimates  at  the  different  periods.  At  the  same  time,  there 
can  be  no  doubt  that  there  would  be  losses  beyond  those  due  to  the 
removal  of  the  crops,  under  the  conditions  in  which  losses  were  found ; 
that  is  when  the  laud  was  under  arable  culture.  Nor  can  there  be  any 
doubt  that  there  would  be  gains  in  the  surface-soil,  when  the  land 
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laid  dowa  in  sainfoin  and  mixed  grasses ;  and  M.  Deh^in  points  out 
the  practical  aignificance  of  snch  facts. 

M.  Deh^rain  concladed  that  the  loss  of  nitrogen  by  arable  soil,  that 
is  by  soil  that  is  mechanically  vrorked,  is  due  to  the  slow  combustion  of 
the  nitrogenous  organic  matter  of  the  soil ;  the  nitrogen  being  either 
evolved  aa  free  nitrogen,  or  oxidated  into  nitric  acid  and  carried  down 
into  the  sub-soil,  or  into  the  drains.  As  to  the  gain  by  the  surface-soil, 
he  considers,  as  is  doubtless  the  case,  that  part  is  due  to  the  action  of 
deep-rooted  plants,  in  taking  up  the  nitric  acid  accumulated  in  the 
lower  layers,  and  leaving  a  nitrogenous  residue  near  the  surface ;  and 
that  as  to  the  gains  not  so  to  be  accounted  for,  it  is  not  yet  settled 
whether  they  are  due  to  the  ammonia  of  the  atmosphere,  as  supposed 
by  M.  Schlcesing,  or  to  free  nitrogen,  as  supposed  by  M.  Berthelot. 

It  may  be  remarked,  that,  if  the  losses  in  ordinary  agriculture  were 
in  amount  anything  like  those  which  M.  Deh^rain's  figures  show,  even 
such  large  gains  as  are  also  indicated,  would  be  far  &om  sufficient  to 
compensate  them.  It  would  indeed  be  necessary  to  seek  for  other 
sources  of  restoration,  if  our  arable  surface-soils  are  not  to  lose  their 
nitrogen  much  faster  than  the  evidence  at  command  leads  us  to  suppose 
is  the  case  in  actual  practice.  That  they  do,  however,  slowly  suffer 
reduction  in  their  stock  of  nitrogen,  when  there  is  no  restoration  from 
without,  there  can  be  no  doubt.  In  other  words,  in  actual  practice 
without  restoration  from  external  sources,  the  losses  are  not  fully 
compensated. 

in  conclusion  in  regard  to  M.  Deh^rain's  experiments,  I  may  add  that 
he  has  quite  recently  reiterated  his  results  and  conclusions;  but  he 
does  not  say  anything  that  appears  to  us  to  obviate  our  objections  to 
his  quantitative  estimates. 

M.  Joulie  made  numerous  vegetation  experiments  in  which  the 
soils  and  the  plants  were,  with  certain  precautions,  exposed  to  the  free 
air,  and  in  which  known  amounts  of  combined  nitrogen  were  supplied. 
He  found  very  variable,  but  in  some  cases  very  large,  gains  of  nitrogen. 
He  considered  that  the  variations  of  result  were  largely  due  to  the 
varying  conditions  as  to  mineral-supply  in  the  different  experiments. 

M,  Joulie  concluded  that  microbes  probably  play  an  important  part 
in  the  fixation  of  nitrogen.  He  did  not  think  that  his  results  were 
favourable  to  the  supposition  that  the  plants  themselves  effected  the 
fixation.  For  the  present  he  limits  himself  to  the  establishment  of  the 
great  fact  of  the  fixation  of  the  free  nitrogen  of  the  atmosphere, 
leaving  to  the  future  the  exact  explanation. 

It  is  to  be  observed  that  the  large  gains  shown  were  chiefly  with  a 
polygmious  plant,  Buckwheat,  and  not  with  plants  of  the  Leguminous 
family,  which  are  reputed  to  be  ^'  nitrogen  collectors." 

To  show  the  practical  importance  of  the  fixation  of  free  nitrogen, 

-"M.  Joulie  calculates  what  would  be  the  gain  per  hectare  accordiug  to 

soi^e  of  his  results.     It  may  be  confidently  affirmed,  however,  that 

such  gains  as  he  so  estimates,  do  not  take  place,  either  with  or  without 

v^get^tkn,.  in  ordinary  soils,  in  ordinary  practice. 
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Dr.  B.  E.  DietEell  made  vegetation  experiments,  in  which  plants 
were  watered  with  distilled  water,  the  drainage  was  returned  to  the 
soUs,  and  the  pots  and  their  contents  were  exposed  to  free  air,  but 
protected  by  a  linen  roof.  A  rich  garden  soil,  containing  0'415  per  cent, 
of  nitrogen,  was  used,  several  different  conditions  as  to  manuring  were 
adopted,  and  Peas  and  Clover  were  the  subjects  of  experiment  Thus, 
the  plants  were  of  the  Leguminous  family ;  but  notwithstanding  this, 
there  was,  in  no  case,  a  gain  of  nitrogen.  In  one  theib  was  neither 
gain  nor  loss,  and  in  all  the  others  there  was  a  loss,  in  some  cases 
amounting  to  15  per  cent,  of  the  total  nitrogen  involved. 

That  there  should  be  loss  with  a  soil  containing  0-415  per  cent  of 
nitrogen,  that  is  about  three  times  as  much  as  most  ordinary  arable 
soils,  is  not  at  all  surprising;  and  it  is  seen  that^  neither  from  the 
combined  nitrogen  of  the  atmosphere,  or  that  due  to  other  accidental 
sources,  nor  from  free  nitrogen,  either  directly  or  indirectly,  did  these 
reputed  "  nitrogen  collectors  "  gain  nitrogen  to  compensate  the  losses 
from  the  rich  soil. 

Professor  Frank  also  made  vegetation  experiments  in  free  air.  His 
soil  was  a  humus-sand,  containing  only  0-0957  per  cent,  of  nitrogen ; 
distilled  water  was  used  for  watering,  and  the  vessels  were  deep  and 
narrow  cylinders,  without  any  arrangement  at  the  bottom  for  drainage, 
or  for  aeration.  In  three  experiments  without  a  plant,  in  one  with 
two  Lupins,  and  in  one  with  one  Lupin  and  Incarnate  Clover 
together,  there  was  a  loss  of  nitrogen  ;  whilst  in  one  with  three  Lupins, 
and  in  one  with  one  Lupin,  there  was  a  gain.  Frank  considered  it 
probable  that  where  a  loss  was  indicated  with  vegetation,  there  had 
nevertheless  been  a  gain,  but  not  enough  to  compensate  the  loss. 

In  another  experiment,  with  a  soil  about  12  times  as  rich  in 
nitrogen,  and  many  times  richer  than  ordinary  arable  soils,  he  found  a 
loss,  due  mainly  to  evolution  of  free  nitrogen ;  and,  referring  to  this 
result,  he  says  that,  if  such  losses  take  place  in  ordinary  agriculture, 
there  must  be  natural  compensation. 

In  the  experiments  in  the  deep  and  narrow  vessels,  without 
drainage,  and  without  plants  to  cause  evaporation,  movement,  and 
aeration,  loss  by  evolution  of  free  nitrogen  is  only  what  would  be 
expected.  Such  loss  would  also  be  expected  in  the  two  cases  of  loss 
with  growth,  in  both  of  which  there  was  admittedly  decomposing 
organic  matter.  It  was  also  to  be  expected  in  the  very  rich  soil.  But 
it  is  doubtful  whether,  in  the  two*  cases  of  gain  with  growth,  and 
therefore  movement  within  the  soil,  and  aeration  of  it,  there  would  be 
any  loss.  In  none  of  the  experiments  with  loss,  however,  were  the 
conditions  comparable  with  those  of  ordinary  soils,  under  ordinary 
treatment ;  and  the  losses  found  cannot  be  taken  as  any  indication  of 
what  takes  place  in  ordinary  practice.  It  is  probable  that,  in  such 
practice,  the  loss  by  evolution  of  free  nitrogen  is  much  less  than  is 
generally  assumed  in  discussions  of  this  subject.  Doubtless  there  is, 
however,  frequently  considerable  loss  by  the  drainage  of  nitrates. 

Frank  considers  that,  independently  of  direct  evidence  against  the 


ON  THE  GROWTH  OF  LEGUMINOUS  CROPS.  49 

supposition  that  the  gains  were  dae  to  the  absorption  of  combined 
nitrogen  from  the  atmosphere,  an  objection  to  sach  a  view  is,  that  it 
woula  not  explain  the  circulation  of  nitrogen  in  nature ;  and  his  main 
conclusion  is,  that  there  are  two  actions  going  on  within  the  soil,  one 
liberating  nitrogen,  and  the  other  bringing  it  into  combination,  the 
latter  favoured  by  vegetation. 

Upon  the  whole,  then,  it  would  seem,  that  the  losses  found  by 
Frank  may  be  explained  by  the  special  conditions  of  the  experiments 
themselves ;  whilst  the  gains,  if  not  to  be  accounted  for  by  sources  of 
error  incidental  to  experiments  made  in  free  air,  can  only  be  explained 
by  fixation  in  some  way. 

The  most  remarkable  of  the  results  indicating  the  fixation  of  free 
nitrogen  are  those  of  Professor  Hellriegel  and  Dr.  Wilfarth.  Hellriegel 
found  that  whilst  plants  of  the  Gramineous,  the  Chenopodiaceous,  the 
Polygonous,  and  the  Cruciferous  families,  required  combined  nitrogen 
to  be  supplied  within  the  soil,  Papilionaceous  plants  did  not  depend 
on  such  soil-supplies. 

Peas,  sown  in  washed  sand  with  nutritive  solutions  free  from 
nitrogen,  generally  failed,  but  occasionally  grew  luxuriantly;  and  root- 
nodules  were  always  developed  coincidently  with  luxuriance,  but  not 
without  it.  But  when  to  the  non-nitrogenous  sandy  matrix,  a  few  c.c. 
of  the  watery  extract  of  a  rich  soil  were  added,  the  luxuriance  was 
always  marked,  as  also  was  the  development  of  the  root-nodules. 
Lupins,  however,  failed  when  treated  in  the  same  way,  but  succeeded 
when  the  soil  was  seeded  by  a  watery  extract  of  a  sandy  soil  where  Lupins 
were  growing  well,  and  root-nodules  were  then  abundantly  produced. 

The  amounts  of  produce  recorded  seemed  to  leave  no  doubt  that 
they  contained  much  more  nitrogen  than  was  supplied  in  the  seed; 
whilst  the  amount  added  in  the  soil-extract  was  quite  immaterial. 
The  negative  result  with  Graminese,  with  Peas  under  sterilised  con- 
ditions, or  in  sand  not  seeded  with  rich  soil-extract,  and  with  Lupins 
in  sand  not  seeded,  or  seeded  with  the  rich  soil-extract,  and,  on  the 
other  hand,  the  positive  result  with  Peas  in  the  seeded  sand,  and  with 
Lupins  when  the  sand  was  seeded  with  an  extract  from  a  suitable  soil, 
seemed  to  exclude  the  supposition  of  any  other  source  of  gain  than  the 
fixation  of  free  nitrogen  under  the  influence  of  micro-organisms ;  and 
Hellriegel  was  disposed  to  connect  the  action  with  the  root-nodules  and 
their  contents. 

Wilfarth  gave  the  results  of  a  subsequent  season's  experiments, 
which  fully  confirmed  those  recorded  by  Hellriegel,  both  as  to  the 
negative  result  with  other  plants,  and  to  the  positive  result  with 
Papilionacese.  Peas  grew  luxuriantly  when  the  nitrogen-free  soil  was 
seeded  with  the  watery  extract  from  any  cultivated  soil,  but  Serradella 
and  Lupins,  only  when  seeded  with  an  extract  from  soil  where  these 
plants  were  growing. 

In  four  experiments  with  Lupins,  nearly  50  times  as  much  dry 
substance  was  produced,  and  nearly  100  times  as  much  nitrogen  was 
assimilated,  with,  as  without,  seeding  with  the  soil-extract ! 

G 
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Wilfartb  concluded  that  the  PapilionacesB  can  derive  the  whole  of 
their  nitrogen  from  the  air,  bnt  that  it  is  donbtful  whether  the  root- 
nodules  are  connected  with  the  fixation,  though  the  results  point  to  the 
agency  of  bacteria  in  some  way. 

In  reference  to  these  results,  whilst  it  can  hardly  be  said  that  there 
is  an  unsolved  problem  in  regard  to  the  source  of  the  nitrogen  of  oar 
Tum-Leguminous  crops,  it  must  be  admitted  that,  in  spite  of  aH  the 
investigations  and  discussions  of  the  last  50  years,  the  source  of  the 
whole  of  the  nitrogen  of  our  Leguminous  crops  has  not  been  satis- 
factorily explained  by  results  obtained  on  the  lines  of  inquiry  untfl 
recently  adopted.  Evidence  obtained  on  new  lines  should,  therefore, 
receive  careful  consideration;  and  there  can  be  no  doubt  that,  in 
recent  years,  cumulative  evidence  has  been  adduced,  indicating  that 
Chlorophyllous  plants  may  avail  themselves  of  nitrogen  broaght  into 
combination  under  the  influence  of  lower  organisms  ;  the  development 
and  action  of  which  would  seem  in  some  cases  to  be  a  coincident  of 
the  growth  of  the  higher  plants  to  be  benefited.  But  such  a  conclusion 
is  of  such  fundamental  importance,  that  it  seemed  desirable  it  should 
be  confirmed  by  others.  To  some  results  obtained  at  Rothamsted  in 
this  direction,  I  shall  refer  fiirther  on. 

So  long  ago  as  1853,  Professor  Emil  von  Wolff  obtained  6  times  as 
much  dty  produce  of  Glover,  grown  in  an  ignited  rich  meadow  soil,  as 
in  the  same  soil  in  its  natural  state.  Thus,  the  increased  growth,  and 
the  increased  assimilation  of  nitrogen,  took  place  in  a  soil  not  only 
nitrogen-free,  but  sterilised;  so  that,  unless  micro-organisms  were 
acquired  during  growth,  the  supposition  of  their  influence  in  fixing 
free  nitrogen  would  be  excluded. 

Much  more  recently,  Wolff  has  made  numerous  experiments,  witb 
Oats,  Potatoes,  and  various  PapilionaceaB,  in  river-sand  ;  in  some  cases 
unwashed,  and  in  some  washed;  in  some  without  manure,  in  some 
with  purely  mineral  manure,  and  in  some  with  nitrate  in  addition. 
Accordantly  with  common  experience,  there  was  little  increase  in  the 
Oats  or  Potatoes  with  mineral,  but  much  with  nitrogenous  manure ; 
and,  on  the  other  hand,  with  the  Papilionacese  there  was  very  marked 
increase  with  the  mineral  manure,  and  but  little  more  by  adding 
nitrate.  In  the  experiments  with  Lupins,  Beans,  and  GloTer,  in 
unwashed  sand,  the  results  indicated  ^n  of  nitrogen,   beyond  that 

Jrobably  due  to  the  nitrogenous  impurity  in  the  sand ;  but  with  sand- 
'eas,  grown  in  washed  sand,  which  was  assumed  to  be  nitrogen-free, 
the  gains  from  some  external  source  were  unmistakable. 

As  to  the  explanation,  Wolff  does  not  suppose  that  free  nitro^n  fs 
fixed  by  the  plants  themselves ;  nor  does  he  favour  the  view  that  it 
was  fixed  by  the  agency  of  micro-orsanisms.  The  plants  may  take  up 
combined  nitrogen  from  the  air  by  their  leaves  :  but  he  thinks  it  more 
probable  that  combined  nitrogen  is  absorbed  from  the  air  by  the  soil, 
and  that  free  nitrogen  is  fixed  within  the  soil  under  the  influence  of 
porous  and  alkaline  bodies.  He  admits  that  it  is  not  explained  why 
Uereals  do  not  benefit  by  these  actions  as  well  as  Papilionaceie ;  and  he 


ON  THE  GROWTH  OF  LEGUMINOUS  CROPS.  61 

suggests  whether  the  greater  evaporation  from  the  leaves  of  the  latter 
causes  greater  aeration  of  the  soil 

Here,  then,  the  gain  of  nitrogen  by  the  Leguminos»  is  explained 
in  a  very  different  manner  from  that  assumed  by  other  recent 
experimenters.  It  seems,  however,  that  the  undoubted  fact,  that  the 
Graminese,  and  other  non-Papilionaceous  crops,  do  not  benefit  by  the 
actions  supposed,  excludes  the  supposition  that  Wolffs  results  with 
Papilionacesd  are  to  be  so  explained.  It  is  true  that,  neither  in  the 
growth  of  the  Clover  in  ignited  soil,  nor  in  that  of  the  sand-Peas  in 
the  washed  sand,  were  the  conditions  such  as  would  seem  favourable 
for  the  presence,  development,  and  agency  of  micro-organisms.  But  if, 
in  the  experiments  in  free  air,  there  was  no  accidental  source  of 
combined  nitrogen,  it  would  seem  that  the  influence  of  micro-organisms 
is  at  least  as  probable  as  that  of  the  actions  which  Wolff  supposes. 

Professor  Atwater  made  numerous  experiments,  both  on  the 
germination,  and  on  the  growth,  of  Peas.  In  eleven  out  of  thirteen 
experiments  on  germination,  more  or  less  loss  of  nitrogen  was  observed. 
In  all  but  one  out  of  fifteen  experiments  on  vegetation,  there  was  a 
gain  of  nitrogen,  which  was  very  variable  in  amount,  and  sometimes 
very  large.  As  a  general  conclusion,  he  states  that,  in  some  of  the 
experiments  half  or  more  of  the  total  nitrogen  of  the  plants  was 
acquired  from  the  air. 

He  considers  that  germination  without  loss  of  nitrogen  is  the 
normal  process ;  that  loss,  whether  during  germination  or  growth,  is 
due  to  decay,  and  therefore  only  accessory.  Nevertheless,  he  goes  into 
calculations  of  some  of  his  own  results,  showing,  bv  the  side  of  the 
actual  gains,  the  greater  ffains  supposing  there  had  been  a  loss  of  15 

i>er  cent  of  nitrogen,  and  the  still  greater  c^ns  if  there  had  been  a 
OSS  of  45  per  cent.,  as  in  an  experiment  by  Boussingault  under  special 
conditions.  Further,  he  says  that  whilst  actually  observed  gains  are 
proof  of  the  acquisition  of  nitrogen,  the  failure  to  show  gain  only 
proves  non-fixation,  if  it  be  proved  that  there  was  no  liberation.  He 
suggests  that  the  negative  results  obtained  by  Boussingault  and  at 
KoSbamsted,  may  be  accounted  for  by  liberation  ;  though  at  the  same 
time  he  recognises  that  the  conditions  of  the  experiments  excluded  the 
action  of  either  electricity  or  microbes.  It  may  be  remarked  that^  in  the 
experiments  both  of  Boussingault  and  at  liothamsted,  any  cases  of 
decay  were  carefully  observed,  and  the  losses  found  explained  accord- 
ingly ;  and  it  may  be  confidently  asserted  that  the  conclusions  drawn 
were  not  vitiated  by  any  such  loss. 

Atwater  concludes  that  his  results  do  not  settle  whether  the 
nitrogen  gained  was  acquired  as  free  or  combined  nitrogen,  by  the 
foliage,  or  by  the  soil  He  considers,  however,  that,  in  his  experiments, 
the  conditions  were  not  favourable  for  the  action  either  of  electricity 
or  of  micro-organisms ;  and  he  favours  the  assumption  that  the  planto 
themselves  were  the  agents.  Lastly,  he  considers  the  fact  of  the 
acquisition  of  free  nitrogen  in  some  way  to  be  well  established,; 
and  that  thus  facts  of    vegetable  production  are  explained,  which 
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otherwise  remain  nnexpliuiied.    To  this,  and  other  points  invohped,  I 
shall  refer  again  presently. 

Lastly,  I  have  to  summarise  those  of  the  results  and  conciorions  of 
Boussingaolt,  which  bear  npon  the  present  aspect  of  the  question  of 
the  sources  of  the  nitrogen  of  vegetation  In  his  earlier  experiments, 
as  in  those  at  Bothamsted,  sterilised  materials  had  been  used  as  soils ; 
but  in  1858  he  commenced  a  series  in  which  more  or  less  of  a  rioh 
garden-«oil  was  mixed  with  sand  and  quartz.  In  some  cases  the  plants 
were  grown  in  free  air,  and  in  others  in  closed  vessels  with  confined 
air.  In  several  cases  there  was  more  or  less  gain  of  nitrogen ;  bat  the 
greatest  gain  was  in  an  experiment  with  a  Lupin  grown  in  a  closed 
vessel.  Boussingault  points  out  that  it  was  the  soil  and  not  the  plant 
that  had  fixed  the  nitrogen.  The  result  was  so  marked  that  he 
repeated  the  experiment  in  1859,  when  he  obtained  almost  identically 
the  same  amount  of  gain  as  in  1858.  He  also  put  120  grams  of  the 
rich  soil  into  a  shallow  dish,  moistened  it  with  distilled  water,  and 
exposed  it  to  the  air  as  an  experiment  on  Fallow.  The  results  showed 
a  small  gain  of  nitrogen. 

Boussingault  farther  found,  that  mycod«rmic  vegetation  went  on  in 
rich  soil,  and  he  considered  the  gains  of  organic  nitrogen  represented 
the  remains  of  such  vegetation ;  whilst  the  Fallow  experiment  indicated 
that  the  experimental  plants  had  little  to  do  with  tiie  action.  His 
general  conclusion  was,  that  from  the  numerical  results  it  most  be 
believed,  that  the  soil  had  fixed  nitrogen ;  and  he  considered  that,  if 
there  were  no  absolute  proof,  there  was  strong  presumption,  that  the 
nitrogen  of  the  air  takes  part  in  nitrification. 

In  the  next  year,  1860,  he  put  into  one  large  glass  balloon  a 
mixture  of  rich  soil  and  sand,  and  into  another  a  similar  mixture,  with 
cellulose  in  addition ;  each  was  moistened  with  distilled  water,  and  the 
vessels  were  then  closed  up  for  1 1  years.  During  this  period,  without 
cellulose  rather  more,  and  with  cellulose  rather  less,  than  one-t^ird  of 
the  nitrogen  of  the  soil  was  nitrified ;  but  in  neither  case  was  there 
any  gain  of  total  combined  nitrogen.  There  was,  indeed,  in  bot^ 
cases,  a  slight  loss  of  nitrogen  indicated.  Boussingault  concluded  that 
free  nitrogen  had  not  contributed  to  the  formation  of  nitric  acid. 

The  later  results  of  Boussingault  did  not,  therefore,  confiim  those 
he  obtained  in  1868  and  1859;  and  in  answer  to  a  letter  from  me  he 
wrote  in  1876,  that  he  was  not  aware  of  any  irreproachable  observadon 
which  established  the  reality  of  the  fixation  of  free  nitrogen  by  the 
soil.  He  further  stated  his  belief,  that  neither  the  higher  plants,  nor 
mycoderms,  nor  fungi  (champignons),  fix  free  nitrogen.  -  He  also 
maintained  the  same  view  in  conversation  in  1883. 

fiUMMART  AND  GENERAL  CONSIDERATIONS  ON  THE  SOURCES 
OF  THE  NITROGEN  OF  OUR  CROPS. 

It  did  indeed  seem  that,  in  Boussingault's  results  of  1858  and 
1859,  there  was  the  germ  of  ih$  germ  i^org  of  the  fixation  erf"  free 
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nitrogen,  if  such  took  place  at  all  in  connection  with  vegetation.  Bnt 
his  own  very  distinct  final  conclusion  against  the  supposition  of  suoh 
fixation  by  the  agency  of  the  lower  organisms,  seemed  to  indicate  the 
necessity  for  caution  in  accepting  much  of  the  evidence  which  has  been 
accumulating  during  the  last  few  years. 

It  is  evident  that  since  experimenting  with  non-sterilised  materials, 
and  in  free  air  instead  of  in  closed  vessels,  has  become  more  general, 
there  has  been  a  great  accession  of  evidence  which  is  held  to  show  the 
fixation  of  free  nitrogen.  But,  not  only  are  the  gains  in  some  cases 
very  small,  and  in  others  very  large,  but  the  modes  of  explanation  are 
very  different. 

Thus,  the  various  modes  of  explanation  of  the  observed  gains  of 
nitrogen  are : — that  camhimd  nitrogen  has  been  absorbed  from  the  air, 
either  by  the  soil  or  by  the  plant ;  that  there  has  been  fixaticm  of  fne 
nitrogen  within  the  soil,  by  the  agency  of  porous  and  alkaline  bodies ; 
that  there  has  been  fixation  by  the  plant  itself ;  that  there  has  been 
fixation  within  the  soil  (or  by  the  plant),  by  the  agency  of  electricity ; 
and  finally,  that  there  has  been  fixation  under  the  influence  of  lower 
organisms,  either  within  the  soil  itself,  or  in  symbiotic  growth  with  the 
higher  plant. 

The  balance  of  the  evidence  recorded,  is  undoubtedly  much  in  favour 
of  the  last  mentioned  mode  of  explanation.  But  of  all  the  recent 
results  bearing  upon  the  subject,  those  of  Hollriegel  and  Wilfarth,  with 
certain  leguminous  plants,  seem  to  be  by  far  the  most  definite  and 
dgnificant.  Accordingly,  as  we  stated  in  October,  1888,  in  a  postscript 
to  our  paper — *'  On  ths  Present  Position  of  the  Question  of  the  Sources 
of  the  Nitrogen  of  Vegetation:'  {Phil  Trans,,  1889.)— it  had  been 
decided  to  institute  somewhat  similar  experiments  at  Rothamsted. 
A  preliminary  series  was,  in  fact,  then  in  progress ;  and  a  more 
extended  one  has  been  undertaken  in  the  present  season,  1889.  The 
results  of  these  experiments  show  conclusively  that,  by  the  addition  to 
the  experimental  soil,  of  a  small  quantity  of  the  watery  extract  of  a 
soil  containing  the  appropriate  organisms,  there  was  greatly  increased 
growth,  and  considerable  gain  of  nitrogen ;  and  there  was,  coincidently, 
a  considerable  development  of  the  so-called  leguminous  nodules  on  the 
roots  of  the  plants. 

The  conclusion  is,  not  that  the  leguminous  plant  had  directly  utilised 
free  nitrogen ;  but  that  the  gain  was  due  to  the  fixation  of  nitrogen  in 
the  growth  of  the  lower  organisms  in  the  root-nodules ;  the  nitrogenous 
compounds  so  produced,  being  taken  up  and  utilised  by  the  leguminous 
plant.  It  would  seem,  therefore,  that  in  the  growth  of  leguminous 
crops,  such  as  Glover,  Vetches,  Peas,  Beans,  Lucerne,  <S^,  at  any  rate 
some  of  the  large  amount  of  nitrogen  which  they  contain,  and  of  the 
large  amount  which  they  frequently  leave  as  nitrogenous  residue  in  the 
soil  for  future  crops,  may  be  due  to  atmospheric  nitrogen  so  derived. 
It  has  yet  to  be  ascertained,  however,  under  what  conditions  a  greater 
or  less  proportion  of  the  total  nitrogen  of  the  crop  will  be  derived,  on 
the  one  hand  from  nitrogen  compounds  within  the  soil,  and  on  the 
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other  from  such  fixatioiL  The  probability  seems  to  be*  that  the 
proportion  due  to  fixation  will  be  the  less  in  the  richer  soils,  and  the 
greater  in  soils  that  are  poor  in  combined  nitrogen,  and  which  are 
open  and  porous. 

Even  assuming  that,  in  the  case  of  leguminous  crops,  there  will 
generally  be  some  gain  of  nitrogen  due  to  the  symbiotic  growth 
supposed,  it  will  nevertheless  be  well  to  consider  the  facts  of  agricul- 
tural production,  in  their  bearing  on  the  question  of  the  souroes  of  the 
nitrogen  of  crops  generally. 

£a  already  said,  much  of  the  investigation  that  has  been  undertaken 
in  recent  years,  has  been  instigated  by  the  assumption  that  there  most 
exist  natural  compensation  for  the  losses  of  combined  nitrogen  which 
the  soil  suffers  by  the  removal  of  crops,  and  for  the  lo&ses  which  result 
from  the  liberation  of  free  nitrogen  from  its  combinations  under  various 
circumstances.  In  some  cases,  however,  the  object  seems  to  have  been 
for  the  most  part  limited  to  an  attempt  to  solve  the  admitted  difficulty 
as  to  the  explanation  of  the  source  of  the  whole  of  the  nitrogen  of  the 
Leguminosse. 

As  to  the  losses  which  the  soil  sustains  by  the  removal  of  crops, 
Berthelot,  for  example,  assumes  that  50  to  60  kilog.  of  nitrogen  will 
be  annually  removed  from  a  hectare  of  meadow  (:=  45  to  54  lbs.  per 
acre) ;  and  that,  as  only  10  kilog.,  or  less,  of  this  will  be  restored  aa 
combined  nitrogen  in  rain,  &c.,  there  will  be  an  annual  loss  of  from  40 
to  50  kilog.  per  hectare  (=36  to  45  lbs.  per  acre) ;.  so  that,  if  there 
were  not  compensation  from  the  free  nitrogen  of  the  air,  the  soil  would 
become  gradually  exhausted.  Further,  he  considers  that  the  fact  of 
the  fixation  of  free  nitrogen,  not  only  explains  how  fertility  is 
maintained,  but  how  argillaceous  soils,  which  are  sterile  when  first 
brought  into  contact  with  the  air,  gradually  yield  better  crops,  and  at 
length  become  vegetable  moulds.  Frank,  again,  assumes  that  the 
average  loss  of  nitrogen  by  the  removal  of  crops  is  51  kilog.  per 
hectare  (=45  lbs.  per  acre). 

It  is  quite  true,  that  a  good  hay  crop  may  contain  as  much  as  50  to 
60  kilog.  of  nitrogen  per  hectare ;  but  it  may  safely  be  affirmed  that, 
in  ordinary  practice,  even  in  the  case  of  an  unusually  fertile  meadow, 
such  an  amount  is  not  annually  removed  for  a  number  of  years  in 
succession,  without  the  periodical  return  of  manure  supplying  nitrogen; 
whilst,  taking  the  average  of  soils,  the  annual  yield  will  seldom  reach 
the  amount  supposed,  even  with  the  ordinary  periodic  return,  and 
without  such  return  gradual  exhaustion  would  be  very  marked. 
Indeed,  it  is  well  known  that  there  is  no  more  exhausting  practice  than 
the  annual  removal  of  hay  without  return  of  manure;  so  that,  in 
point  of  fact,  restoration  in  anything  like  the  degree  supposed, 
certainly  does  not  take  place.  Next  to  the  removal  of  hay,  the 
consumption  of  the  grass  for  the  production  of  milk  is  the  most,  but 
still  very  much  less,  nitrogen-exhausting ;  whilst,  if  grass  be  consumed 
by  store  or  fattening  animals,  the  loss  is  very  much  less  still ;  indeed, 
it  is  then  very  small 
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Obviously,  however,  it  is  more  important  to  consider,  what  is  the 
probable  average  loss  of  nitrogen  over  a  given  area  by  the  removal  of 
crops  generally,  and  not  by  that  of  grass  alone.  Moreover,  in  making 
such  an  estimate,  it  is  not  the  total  nitrogen  of  the  crops  that  has  to  be 
reckoned ;  but,  taking  into  account  the  return  by  manure,  only  the 
amount  eventually  lost  to  the  soil.  With  the  great  variation  according 
to  circumstances,  it  is  of  course  very  difficult  to  estimate  this  at  au 
accurately;  but  it  may  be  stated,  that  two  independent  modes  of 
estimate  lead  to  the  conclusion  that,  for  Oreat  Britain  for  example,  the 
average  annual  loss  of  nitrogen  is  more  probably  under  than  over  20 
lbs.  per  acre  ( =  22"4  kilog.  per  hectare).  In  fact,  the  loss  by  cropping 
ander  the  usual  conditions  of  more  or  less  full  periodical  return  by 
manure,  is  by  no  means  so  great  as  is  generally  assumed  in  discussions 
of  this  subject. 

The  loss  of  nitrates  by  drainage  may,  however,  in  some  cases  be 
considerable.  There  may  also,  under  some  circumstances,  be  loss  by 
the  evolution  of  free  nitrogen.  Such  loss  may  take  place  in  the 
man  are  heap ;  or  in  soils  very  heavily  manured,  as  in  market  gardening, 
for  example.  But  in  ordinary  agriculture  such  excessive  manuring 
seldom  takes  place ;  and  the  soil  is  generally  much  poorer  in  nitrogen 
than  in  the  cases  of  the  experiments  which  have  been  adduced  as 
showing  great  loss  from  rich  soils.  Loss  may  also  take  place  when  the 
soil  is  deficiently  aerated;  but,  here  again,  the  conditions  of  the 
experiments  cited,  in  which  considerable  loss  by  evolution  of  free 
nitrogen  was  observed,  are  not  the  usual  conditions  of  soils  in  actual 
practice.  Indeed,  the  balance  of  evidence  is  against  the  supposition 
that  there  is  a  constant  and  considerable  loss  by  the  evolution  of  free 
nitrogen  from  arable  soils  which  are  only  moderately  rich  in  organic 
nitrogen,  and  which  are  fairly  drained,  either  naturally  or  artificially. 

On  this  point  it  may  be  mentioned  that,  in  those  of  the  field 
experiments  at  Bothamsted  in  which  the  unusual  practice  of  applying 
farm-yard  manure  every  year  is  adopted,  it  is  found  that  there  is 
considerable  loss  of  nitrogen  from  the  soil,  beyond  that  known  to 
be  removed  in  the  crops,  and  estimated  to  be  lost  in  the  drainage. 

On  the  other  hand,  where  no  nitrogen  has  been  applied  for  many 
vears,  and  the  amount  of  nitrogen  in  the  surface  soil  is  only  about,  or 
little  more  than  0*1  per  cent.,  the  loss  of  nitrogen  by  the  soil  over  a 
long  series  of  years  corresponded  approximately  with  the  amounts 
removed  in  the  crops,  together  with  those  estimated  to  be  lost  in  the 
drainage.  Again,  when  ammonium-salts  are  applied,  even  so  late  in  the 
season  as  October  or  November,  and  drainage  takes  place  soon  after- 
wards, the  drainage-waters  will  contain  amounts  of  nitrogen  showing  a 
very  direct  relation  to  the  different  amounts  of  ammonia  applied  in  the 
manure  ;  but  scarcelv  any  of  it  as  ammonia,  nearly  the  whole  existing 
as  nitric  acid ;  and  this  is  the  case  although  the  drainage  passes 
through  twenty  inches  or  more  of  raw  clay  sub-soil.  Lastly,  direct 
ezpenments  have  shown  that  there  is  a  diminution  in  the  amount  of 
nitric  acid  in  the  soil  down  to  a  certain  depth,  varying  according  to  the 
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root-range  of  the  crop  grown,  and  to  the  season^  but  that  in  the  depthfli 
of  the  sub-soil  below  this  point,  the  amount  is  again  greater. 

Again,  M.  Berthelot  thinks  it  probable,  thou^  not  absolutely 
established,  that  there  is  loss  of  nitrogen  from  the  plant  itself  duriiis 
growth.  Long  ago,  we  supposed  that  there  was  such  loss ;  but  can^u 
consideration  of  the  evidence  relating  to  the  subject  has  led  us  to  the 
eonclasion  that  it  is  not  proved,  and  to  believe  that  it  probably  does 
not  take  place.  It  may  be  observed,  that  when  in  his  veg^ation 
experiments  M.  Boussingault  found  a  loss  of  nitrogen,  there  was 
coincidently  some  decaying  vegetable  matter,  such  as  fallen  leaves ;  and 
in  somewhat  parallel  experiments  at  Eothamsted,  no  loss  of  nitrogen 
was  found  as  a  coincident  of  growth,  and  in  the  absence  of  dead 
vegetable  matter.  Indeed,  if  there  were  such  loss  during  growth  when 
there  was  no  decay,  either  in  M.  Boussingault's  experiments  or  our  own^ 
it  must  have  been  almost  exactly  balanced  by  corresponding  gain  ;  an 
assumption  which  is  without  any  proof,  but  which  has  nevertheless  had 
its  advocates. 

In  fact  it  may  be  concluded  that,  under  the  existing  conditions  of 
practical  agriculture  in  temperate  climates,  the  annual  loss  of  combined 
nitrogen  over  a  given  area,  by  cropping  and  otherwise,  is  by  no  meana 
so  great  as  has  been  assumed;  that  the  restoration  required  to 
compensate  the  loss  is,  therefore,  correspondingly  less;  and  further, 
that  the  known  facts  relating  to  the  maintenance  or  the  reduction  of 
the  fertility  of  soils,  do  not  point  to  the  conclusion  that  such  loss 
as  actually  does  take  place,  is  compensated  by  such  restoration. 

The  well  known  accumulation  of  nitrogen  which  takes  place  in  the 
surface-soil  within  a  few  years,  when  arable  land  is  laid  down  to  grass, 
is,  it  may  be  admitted,  not  conclusively  explained.  At  the  same  time, 
there  is  abundant  experimental  evidence  pointing  to  the  conclusion 
that  some  deep-rooted  leguminous  plants  derive  a  considerable  quantity 
of  nitrogen  from  the  subsoil ;  and  there  seems  no  reason  to  doubt  that 
the  deep-rooting  plants  of  the  mixed  herbage  of  grass-land,  whether 
leguminous  or  otherwise,  may  also  avail  themselves  of  sub-soil 
nitrogen ;  and,  if  so,  it  is  to  be  supposed  that  they,  like  clover  for 
example,  will  leave  nitrogenous  crop-residue  in  the  surface-soil,  the 
nitrogen  of  which  has  been  derived  from  the  sub-soil.  In  reference  to 
this  point  it  may  be  observed,  that  at  Bothamsted  there  is  per  acre,  in 
soil  and  sub-soil,  to  the  depth  at  which  the  action  of  some  deep-rooted, 
and  large  nitrogen-accumulating  plants,  has  been  proved,  a  store  of 
about  20,000  lbs.  of  already  combined  nitrogen.  It  is  true  that  whilst 
many  other  soils  and  sub-soils  will  cgntain  as  much,  or  more,  many  will 
contain  much  less. 

It  is  indeed  pretty  certain,  that  at  any  rate  much  of  the  nitrogen 
gained  by  the  surface-soil  of  land  newly  laid  down  to  grass,  has  its 
source  in  the  combined  nitrogen  of  the  sub-soil.  Obviously,  however, 
in  view  of  results  showing  that  leguminous  crops  may  acquire  nitrogen 
brought  into  combination  under  the  influence  of  the  symbiotic  growth 
of  lower  organisms,  the  question  suggests  itself  whether  part  of  the 
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nitrogen  accumulated  in  the  8urface-«oil  of  land  laid  down  to  grass  may 
not  be  due  to  such  an  action.  On  this  point  it  may  be  remarked,  that 
the  **  nodulM  "  have  been  observed  on  the  roots  of  some  Leguminosse 
growing  in  the  mixed  herbage  of  grass>Iand.  On  the  other  hand,  it 
has  to  be  borne  in  mind,  that  the  proportion  of  leguminous  plants  in 
such  mixed  herbage  is  comparatively  small.  Further,  it  has  yet  to  be 
determined  whether  the  source  of  the  nitrogen  of  the  bacteroids  in  the 
nodules  is  exclusively  free  nitrogen,  when  the  development  proceeds  in 
soil  and  sub-soil  containing  a  large  amount  of  combined  nitrogen. 

As  to  the  supposition  that  the  gains  of  nitrogen  in  argillaceous 
matters  of  very  low  initial  nitrogen-contents,  and  which  are  attributed 
to  the  fixation  of  free  nitrogen,  serve  to  explain  the  gradual  formation  of 
vegetable  soils,  there  cannot  be  any  doubt  that,  so  far  as  nitrogen  is 
concerned,  the  natural  fertility  of  most  soils  is  at  any  rate  mainly  due 
to  the  aceumalation  of  ages  of  natural  vegetation,  with  little  or  no 
removal  of  it,  by  animals  or  otherwise  ;  and  if  the  amounts  of  nitrogen 
even  now  brought  into  combination  over  a  given  area  under  the 
influence  of  electricity  in  equatorial  regions,  were  not  exceeded  in  the 
earlier  periods  of  the  history  of  our  globe,  that  would  probably  be 
sufficient,  with  growth  and  with  little  or  no  removal,  through  the  ages 
which  modem  science  teaches  us  to  reckon  upon,  to  account  for  most, 
if  not  the  whole,  of  the  accumulations  in  natural  grass,  or  forest  lands ; 
and  it  is  these  which  have  to  a  great  extent  furnished  us  with  our 
meadows  and  pastures,  and  arable  soils. 

Frequently  the  natural  forests  have  been  on  the  more  elevated,  or 
the  more  undulating  lands,  and  the  soils  they  have  formed  are  less 
rich  than  the  prairie  lands  for  the  most  part  found  in  the  valleys  or  on 
die  plains.  Taking  the  vast  areas  of  fertile  natural  prairie  on  the 
American  continent  for  example,  sometimes  of  several  feet  in  depth,  it 
may  be  estimated  that,  in  such  cases,  each  foot  of  depth  will  contain 
from  6,000  to  10,000  lbs.,  or  even  more,  of  combined  nitrogen  per 
acre  ;  and  the  probable  time  of  these  accumulations  at  any  rate  obviates 
the  necesssity  of  assuming  the  intervention  of  the  free  nitrogen  of  the 
atmosphere,  brought  into  combination  by  the  soil,  or  by  the  plants 
themselves.  So  far,  however,  as  leguminous  growth  may  have 
contributed  to  the  result,  it  is,  in  view  of  existing  evidence,  to  be 
supposed  that  some  at  any  rate  of  the  accumulation  may  have  been  due 
to  fixation  under  the  influence  of  the  symbiotic  growth  of  lower 
organisms  and  the  higher  plants. 

Further,  the  history  of  agriculture  so  far  as  it  is  known,  indicates 
that  arable  soils  without  supplies  by  manure  from  external  sources,  do, 
as  a  matter  of  fact,  gradually  become  less  fertile.  This,  as  a  rule  will 
take  place  more  rapidly  in  undulating  or  high  forest  lands,  than  in  the 
natural  grass  or  prairie  lands  of  the  plains. 

Again,  if  we  compare  the  amount  of  nitrogen  in  the  surface-soil  of 
permanent  grass  land,  with  that  of  adjoining  land  of  the  same  original 
character,  but  which  has  for  some  time  been  under  arable  culture,  we 
find  that  the  latter  is  much  poorer  in  nitrogen.    In  illustration,  it  may 
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be  stated,  that  whilst  the  saiface-Boii  of  the  gna  land  at  Botfaansted 
contains  from  0*25  to  0*30  per  cent  of  nitrogen,  that  of  the  corresponding 
arable  land  contains  only  from  0*1  to  0*15  per  cent.  The  arable  soil 
has,  in  fact,  originally  been  ooTered  with  natural  yegetadon  of  aone 
kind,  with  comparatiyely  little  removal,  and  consequent  aocmmilatkm ; 
whilst,  under  arable  coltnre,  much  of  the  accumulated  nitrogen  has 
been  used  up,  and  the  loss  has  not  been  compensated  hy  free  nidrogen 
brought  into  combination  within  the  soil,  either  under  Uie  influence  of 
electricity  or  of  lower  organisms.  Indeed,  whether  or  not  there  is  any 
restoration  lA  the  kind  supposed,  a  consideration  of  the  origin  of  soiis 
generally,  and  of  the  history  of  j^rieolture  in  different  countries,  leads 
to  the  condnsion  that  the  losses  of  combined  nitrogm  by  cropping,  and 
in  other  ways,  are  not  compensated  by  oonespondSng  amounts  of  free 
nitrogen  constantly  brought  into  combination. 

The  Rothamsted  Field  Experiments  have  now  been  continaed  long 
enou^  to  afford  some  pertinent  examples  bearing  upon  tins  sabject. 

Thus,  in  the  case  of  the  plots  under  continuous  wheat,  continuons 
barley,  alternate  wheat  and  fallow,  and  continuous  root-cn^xi,  with 
mineral,  but  without  nitrogenous  manure,  the  average  annual  yield  of 
nitrogen  in  the  crops,  has  only  been  about  or  under  20lbs  per  acne ;  tke 
amount  has  declined  to  less  than  the  average  in  the  later  years ;  and, 
coincidently  with  the  continuous  and  diminishing  growth,  the  percentage 
of  nitrogen  in  the  surfac&soil  has  been  considerably  reduced.  The  loss 
by  the  removal  of  even  such  small  crops,  together  with  that  by 
drainage,  has,  therefore,  as  a  matter  of  fact^  not  been  compensated  1^ 
free  nitrogen  brought  into  combination,  either  by  the  plants,  or  within 
the  soil. 

In  the  field  where  the  Leguminous  crop — ^Beans,  had  been  grown 
25  years  out  of  32,  with  mineral  but  without  nitrogenous  manure,  and 
had  yielded  less  than  average  agricultural  crops,  the  per-«entage  of 
nitrogen  in  the  surface-soil  was  also  greatly  reduced. 

In  another  field,  where  the  Leguminous  crop — ^Bed  Clover,  had  been 
sown  12  times  in  30  years,  the  Clover  failed  many  times,  the  yield  of 
nitrogen  in  the  crops  very  greatly  diminished,  and  the  per-eentage  of 
nitrogen  in  the  surface-soil  was  greatly  reduced. 

Again,  in  rich  garden-soil,  where  Red  Clover  has  been  grown  for  36 
years  consecutively,  and  has  yielded  throughout  good,  but  gradually 
diminishing  crops,  it  was  found,  after  the  first  22  years,  that  the 
nitrogen  in  the  surface^soil  had  been  reduced  from  0*5095  to  0*3634 
per  cent,  or  by  about  one-third. 

Even  in  an  actual  course  of  rotation,  of  Turnips,  Barley,  Clover  or 
Beans,  and  Wheat,  with  mineral,  but  without  nitrogenous  manure,  the 
percentage  of  nitrogen  in  the  surface-sml  has  been  much  reduced ; 
whilst,  in  a  parallel  rotation  in.  which  Fallow  takes  the  place  of  the 
Clover  or  Beans,  the  reduction  is  still  greater. 

Thus,  in  all  the  cases  cited,  including  Gramineous,  Cruciferous,  Cheno- 
podiaceous,  and  even  Leguminous  crops,  and  a  rotation  of  crops,  grown 
for  many  years  in  succession  without  nitrogenous  manure,  and  yielding 
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comparatively  small  and  declioiDg  amounts  of  nitrogen  in  the  produce, 
there  has,  coincidently,  been  a  considerable  reduction  in  the  amount  of 
nitrogen  in  the  surface-soil.  There  has,  in  fact,  not  been  compensation 
from  the  free  nitrogen  of  the  air,  or  at  any  rate  not  at  all  in  amount 
correisponding  to  the  annual  losses. 

Lastly,  GrasS'land  which,  under  the  influence  of  a  full  mineral 
manure,  including  potash,  but  without  any  supply  of  nitrogen  for  more 
than  thirty  years,  has  grown  crops  containing  rather  l^rge  amounts  of 
comparatively  superficially  rooting  leguminous  herbage,  which  has  been 
SQcoeeded  by  increased  amounts  of  gramineous  herbage,  and  has,  under 
those  conditions,  yielded  about  the  same  amount  of  nitrogen  per  acre 
as  M.  Berthelot  assumes  to  be  the  average  produce  of  a  meadow,  but  it 
has  done  so,  only  with  coincident  great  reduction  in  the  nitrogen  of  the 
surface-soil. 

Whether,  therefore,  we  consider  the  facts  of  agriculture  generally, 
or  confine  attention  to  special  cases  under  known  experimental 
conditions,  the  evidence  does  not  favour  the  supposition  that  a  balance 
is  maintained  by  the  restoration  of  nitrogen  from  the  large  store  of  it 
existing  in  the  free  state  in  the  atmosphere.  Further,  our  original 
soil-supplies  of  nitrogen  are,  as  a  rule,  due  to  the  accumulations  by 
naturiU  vegetation,  with  little  or  no  removal,  over  long  periods  of  time. 
Or,  as  in  the  case  of  many  deep  subsoils,  the  nitrogen  is  partly  due  to 
animal  remains,  intermixed  with  the  mineral  deposits.  The  agricul- 
tural production  of  the  present  age  is,  in  fact,  so  far  as  its  nitrogen  is 
concerned,  laxigely  dependent  on  previous  accumulations;  and,  as  in  the 
case  of  the  use  of  coal  for  fuel,  there  is  not  coincident  and  corresponding 
restoration,  so  in  that  of  the  use  or  waste  of  the  combined  nitrogen  of 
the  soil,  there  is  not  evidence  of  coincident  and  corresponding 
restoration  of  nitrogen  from  the  free  to  the  combined  state. 

In  the  case  of  agricultural  production  for  sale,  without  restoration 
by  manure  from  external  sources,  a  very  important  condition  of  the 
maintenance  of  the  amount  of  nitrogen  in  the  surface-soil,  or  of  the 
diminished  exhaustion  of  it,  is  the  growth  of  plants  of  various  range 
and  character  of  roots,  and  especially  of  leguminous  crops.  Such 
plants,  by  their  crop-residue,  ennch  the  surface-soil  in  nitrogen.  It  is, 
as  a  rule,  those  of  the  most  powerful  root-development  that  take  up  the 
most  nitrogen  from  somewhere;  and  this  fact  points  to  a  sub-soil 
source.  But,  independently  of  this,  which  obviously  may  be  held  to  be 
only  evidence  of  the  necessity  of  obtaining  water  and  mineral  matters 
from  below,  in  amount  commensurate  with  the  capability  of  acquiring 
nitrogen,  direct  experimental  evidence  can  leave  no  doubt  that  such 
plants  do  obtain  at  any  rate  much  of  their  nitrogen  from  the  sub-soil. 
The  question  arises — whether  or  not  the  whole  of  the  nitrogen  of  our 
crops  comes  from  combined  nitrogen,  in  the  soil  and  sub-soil,  in  manure, 
and  in  rain,  &c.,  or  whether  part  of  it  is  in  some  way  derived  from  the 
free  nitrogen  of  the  atmosphere  1  Cumulative  evidence  points  to  the 
conclusion  that^  in  the  case  of  our  gramineous,  our  cruciferous,  our 
chenopodiaceous,  and  our  solaneous  crops,  free  nitrogen  is  not  the 
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source.  Recently  acquired  eridence  indicates,  however,  thafc  it  may, 
indirectly,  be  the  source  of  at  any  rate  some  of  the  nitrogen  of 
Leguminos®.  It  would  further  seem,  that  the  development  of  the 
organisms  capable  of  bringing  free  nitrogen  into  combination,  if  not  an 
essential  coincident  of  the  growth  of  some  l^uminous  plants,  is  at  any 
rate  favoured  by  such  growth. 
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•*New  Experiments  on  the  Question  of  the  Fixation  of  Free 
Nitrogen.  (Preliminary  Notice,)'*  By  Sir  J.  B.  Lawes, 
Bart.,  LL.D.,  F.R.S.,  and  Professor  J.  H.  Gilbert,  LL.D., 
F.R.S.     Received  (in  part)  and  read  January  9,  1890. 

Received  January  9. 

In  a  paper  presented  to  the  Royal  Society  in  1887 — 1888,  and 
printed  in  vol.  180  of  the  *  Philosophical  Transactions,'  we  discussed 
the  history  and  the  present  position  of  the  question  of  the  sources  of 
the  nitrogen  of  vegetation.  We  referred  to  the  conclusions  arrived 
at  about  thirty  years  ago  from  the  results  of  Boussingaiilt  and  from 
those  obtained  at  Rothamsted,  up  to  that  time.  We  gnve  the  results 
of  some  experiments  which  had  been  recently  made  at  Rothamsted  in 
connexion  with  the  subject,  and  reviewed  the  evidence  and  conclusions 
of  others  published  within  the  last  few  years. 

It  was  couBidered- that  the  earlier  results  obtained  by  Boussingault, 
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and  at  Rotbamsted,  under  conditions  in  which  the  action  both  of  elec- 
tricity and  of  microbes  was  excluded,  were  conclusive  against  the  sup- 
position that,  under  such  conditions,  the  higher  chlorophyllous  plants 
can  directly  fix  the  free  nitrogen  of  the  atmosphere,  either  by  their 
leaves  or  otherwise.  Others  have,  indeed,  come  to  the  conclusion 
that  at  any  rate  some  plants  do  directly  fix  the  free  nitrogen  of  the 
air  by  their  leaves.  We  believe,  however,  that  there  is,  up  to  the 
present  time,  no  evidence  which  can  be  held  to  be  conclusive  in  favour 
of  such  a  view. 

It  was  pointed  out  how  large  was  the  store  of  already  existing  com- 
bined nitrogen  in  many  soils  and  subsoils,  and  evidence  was  adduced  to 
show  that  even  LegvmiinoscB  derive,  at  any  rate  a  considerable  amount 
of  nitrogen  from  niti*ic  acid  within  the  soil  and  subsoil ;  and,  further, 
that  it  was,  as  a  rule,  those  having  the  most  powerful  root-develop- 
ment that  took  up  the  most  nitrogen  from  somewhere ;  and  it  was 
considered  that  this  fact  pointed  to  a  subsoil  source. 

Upon  the  whole  it  was  concluded  that,  at  any  rate  in  the  case  of 
our  gramineous,  our  cruciferous,  our  chenopodiaceous,  and  onrsolane- 
ous  crops,  atmospheric  nitrogen  was  not  the  source.  It  was  admitted, 
however,  that  existing  evidence  was  insufficient  to  explain  the  source 
of  the  whole  of  the  nitrogen  of  the  LegvmiinoscB. 

According  to  some  of  the  more  recent  experimenters,  the  fixation 
of  free  nitrogen  is  not  limited  to  our  leguminous  crops;  and  the 
modes  of  explanation  of  the  gains  of  nitrogen  observed  are  extremely 
various.  Thus,  it  is  assumed — that  combined  nitrogen  has  been 
absorbed  from  the  air,  either  by  the  soil  or  by  the  plant ;  that  there  is 
fixation  of  free  nitrogen  within  the  soil  by  the  agency  of  porous  and 
alkaline  bodies;  that  there  is  fixation  by  the  plant  itself  ;  that  there 
is  fixation  within  the  soil  by  the  agency  of  electricity ;  and,  finally, 
that  there  is  fixation  under  the  influence  of  micro-organisms  within 
the  soil,  with,  or  even  without,  the  accompanying  growth  of  higher 
plants. 

The  balance  of  the  evidence  recorded  seemed  to  be  undoubtedly  in 
favour  of  the  supposition  that  there  is  fixation  under  the  influence  of 
micro-organisms  or  of  other  low  forms  within  the  soil,  and  of  all  the 
various  results  which  were  disoussed,  those  of  Hellriegel  and  Wilfarth 
were  considered  to  be  by  far  the  most  definite  and  significant ;  point- 
ing to  the  conclusion  that,  although  the  higher  chlorophyllous  plants 
may  not  directly  utilise  the  free  nitrogen  of  the  air,  some  of  them,  at 
any  rate,  may  acquire  nitrogen  broaght  into  combination  under  the 
influence  of  lower  organisms,  the  development  of  which  is,  appa- 
I'ently,  in  some  cases,  a  coincident  of  the  growth  of  the  higher  plant 
whose  nutrition  they  are  to  serve.  Such  a  conclusion  is,  however,  of 
such  fundamental  importance  that  it  seemed  very  desirable  that  it 
should  be  confirmed  by  independent  investigation. 
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Accordingly,  as  stated  in  a  postscript  to  our  paper,  dated  October, 
18S8,  it  had  been  decided  to  institute  experiments  at  Bothamsted  on 
similar  lines,  and  a  preliminary  series  was  then  in  progress.  A 
second  and  more  extended  series  has  been  cond acted  in  the  past 
season,  1889.  It  is  proposed  to  give,  on  the  present  occasion,  a 
description,  and  some  of  the  nnmerical  results,  of  the  experiments 
made  in  1888,  and  a  description,  and  some  illustrations,  of  the  growth 
in  those  of  1889. 

It  was  in  1883  that  Hellriegel  commenced  a  comprehensive  series 
of  vegetation  experiments  in  pots,  in  which  he  grew  agricaltaral 
plants  of  various  families  in  washed  quartz  sand.  To  all  of  the  pots 
nutritive  solutions  containing  no  nitrogen  were  added ;  to  one  series 
nothing  else  was  supplied  ;  to  a  second  a  fixed  quantity  of  nitrogen  as 
Rodium  nitrate ;  to  a  third  twice  as  much  ;  and  to  a  fourth  four  times 
as  much  was  added.  The  result  was  that,  in  the  case  of  the  Gramineee, 
and  some  other  plants,  the  growth  was  largely  proportional  to  the 
nitrogen  supplied,  whilst  in  that  of  the  PapilionacesD  it  was  not  so. 
In  the  case  of  these  plants,  that  of  peas  for  example,  it  was  observed, 
however,  that  in  a  series  of  pots  to  which  no  nitrogen  was  added, 
most  of  the  plants  were  apparently  limited  in  their  growth  by  the 
amount  of  nitrogen  which  the  seed  supplied ;  whilst  here  and  there 
a  plant  growing  osten.sibly  under  the  same  conditions  would  develop 
very  luxuriantly ;  and,  on  examination,  it  was  found  that  whilst  no 
nodules  were  developed  on  the  rootfi  of  the  plants  of  limited  growth, 
they  were  abundant  on  those  of  the  plants  that  grew  luxuriantly. 

In  view  of  this  result,  Hellriegel  instituted  experiments  to  deter- 
mine whether,  by  the  supply  of  the  organisms,  the  formation  of  the 
root-nodules,  and  luxuriant  growth,  could  be  induced,  and  whether  by 
their  exclusion  the  result  could  be  prevented.  To  this  end,  he  added 
to  some  of  a  series  of  experimental  pots  25  c.c,  or  sometimes  50  c.c, 
of  the  turbid  extract  of  a  fertile  soil,  made  by  shaking  a  given 
quantity  of  it  with  five  times  its  weight  of  distilled  water.  In  some 
cases,  however,  the  extract  was  sterilised.  In  those  in  which  it  was 
not  sterilised  there  was  almost  uniformly  luxuriant  Grrowth,  and  abun- 
dant formation  of  root-nodules ;  but  with  sterilisation  there  was  no 
such  result.  Consistent  results  were  obtained  with  peas,  vetches, 
and  some  other  Papilionaceaa ;  but  the  application  of  the  same  soil- 
extract  had  no  effect  in  the  case  of  lupins,  serradella,  and  some  other 
plants  of  the  family  which  are  known  to  grow  more  favourably  on 
eandy  than  on  loamy  or  rich  bumus  soils.  Accordingly,  he  made  a 
similar  extract  from  a  diluvial  sandy  soil  where  lupins  were  growing 
well,  in  which  it  might  be  supposed  that  the  organisms  peculiar  to 
such  a  soil  would  be  present;  and,  on  the  application  of  this  to 
nitrogen- free  soil,  lupins  grew  in  it  luxuriantly,  and  nodules  were 
abundantly  developed  on  their  roots. 

I  2 


88  Sir  J.  B.  Lawes  and  Prof.  J.  H.  Gilbert.        [Jan.  9, 

The  Experiments  at  Bothamsted  in  1888. 

This  preliminary  series  comprised  experiments  with  peas,  blue 
lupins,  and  yellow  lupins.     The  peas  were  grown — 

1.  In  washed  sand,  with  the  ashes  of  the  plant  added;  but  no 
supply  of  combined  nitrogen  beyond  a  small  determined  amount  in 
the  washed  sand  and  that  in  the  seed  sown. 

2.  In  similarly  prepared  sand,  but  seeded  with  25  c.c.  of  the  turbid 
watery  extract  from. a  rich  garden  soil. 

3.  Duplicate  of  No.  2. 

4.  In  the  rich  garden  soil  itself. 

Each  of  the  two  descriptions  of  lupin  was  grown — 

1.  In  sand  prepared  as  for  the  peas,  bat  with  lupin-plant-ash 
instead  of  pea-plant-ash  added. 

2.  In  the  same  washed  sand,  &c.,  but  seeded  with  25  c.c.  of  the 
turbid  watery  extract  from  a  sandy  soil  where  lupins  had  grown 
luxnriantly. 

3.  In  the  lupin  sandy  soil  itself. 

4.  In  rich  garden  soil. 

The  twelve  pots  were  arranged  in  a  small  greenhouse ;  and  distilled 
water,  free  from  ammonia,  was  used  for  watering. 

The  sand  employed  was  a  yellow  sand  from  Plitwick,  in  Bedford- 
shire, and  was  of  the  same  description  as  is  used  by  gardeners  in  the 
neighbourhood  for  potting.  It  proved,  however,  not  to  be  a  very 
pure  sand.  Thus,  after  the  stones  and  coarser  portions  had  been 
removed  by  sifting,  the  remainder  was  several  times  washed,  first 
with  well-water  and  afterwards  with  distilled,  the  turbid  wash- 
ings being  poured  off ;  yet  it  was  found  to  contain  after  being  dried 
finally  for  a  short  time  in  a  water-bath,  and  mixed  with  the  plant-ash 

as  mineral  food,  nitrogen  as  under  : — 

Per  cent. 

nitrogen. 

Determined  by  soda  lime 0*00287 

Determined  by  copper  oxide 0*00245 

Mean 0-00266 

The  sandy  soil  in  which  lupins  had  grown,  and  from  which  the 
watery  extract  was  made  for  seeding  the  pots  where  the  lapins  were 
to  grow,  was  still  less  pure;  and  it,  of  course,  was  not  washed,  and 
w^as  only  dried  at  about  24"  C. ;  and,  excepting  that  visible  organic 
matter  was  removed  by  sifting  and  picking,  it  was  used  in  its  natural 
state  as  received.  Duplicate  determinations  of  nitrogen  were  made 
by  sodn-lime,  in  the  lupin  sand  alone,  and  as  used  after  mixture  with 
the  Itipin  ash.  The  following  are  the  mean  results,  in  each  case, 
calculated  on  the  dry  sand : — 
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Per  cent, 
nitrogen. 

la  lupin  sand,  alone    0*0863 

In  lapin  sand,  with  blue  lupin  ash 0*0826 

In  lupin  sand,  with  jellow  lupin  ash   ....     0*0888 

Mean 00859 

It  may  be  stated  that,  in  this  country,  lupins  are  only  grown  as  an 
agricultural  crop,  as  food  for  sheep,  on  poor,  sandy  soils,  on  which 
little  or  nothing  else  will  grow.  The  sand  obtained  for  the  purposes  of 
the  experiments  was  fix)m  land  which  had  been  reclaimed  from  a  com- 
mon in  Suffolk,  and  on  which  no  corn  crop  would  grow;  but  on  which, 
when  subsequently  sown  with  blue  lapins,  they  had  grown  as  high  as 
the  hurdles.  It  is  stated,  however,  that  lupins  grow  better  on  good 
land,  but  that  they  are  grown  on  sandy  wastes  because  they  will 
thrive  on  them  when  no  other  crop  will. 

The  garden  soil,  in  the  condition  as  analysed,  contained  10*12  per 
cent,  of  moisture,  and  two  determinations  of  nitrogen  by  soda-lime 
gave  0*3902  and  0*31^36,  mean  0*3919,  corresponding  to  0*4360  per 
cent,  on  the  soil  dried  at  100°  C. 

The  pots  used  were  made  of  glazed  earthenware ;  and  were  about 
7  inches  high,  6  inches  in  diameter  at  the  top,  and  5^  inches  at  the 
bottom,  inside.  They  had  a  hole  half  an  inch  in  diameter  at  the 
bottom  for  drainage,  and  another  at  the  side  near  the  bottom,  into 
which,  outside,  a  glass  tube  beat  upwards  was  fixed  for  aeration; 
the  tube  being  lightly  closed  with  cotton- wool  to  prevent  insects  getting 
in.  The  pots  rested  on  slips  of  thick  sheet  glass,  placed  in  basins 
of  the  same  glazed  earthenware  as  the  pots. 

The  mineral  nutriment  used  was  as  follows : — For  the  peas,  a  mixture 
of  6  parts  of  pea-straw-ash  and  1  part  of  pea-corn-ash ;  for  the  blue 
lupins,  a  mixture  of  3  parts  of  blue  lupin-straw-ash  and  1  part  of  blue 
lupin-com-ash ;  for  the  yellow  lapins,  a  mixture  of  4  paints  of  yellow 
lnpin-»traw-ash  and  1  part  of  yellow  lupin-com-ash.  In  each  case 
the  greater  pai't  of  the  mixed  ash  was  suspended  in  distilled  water, 
and  sulphuric  acid  added  until  there  was  a  slight  acid  reaction ;  the 
rest  of  the  ash  was  then  added,  and  the  whole  evaporated  to  diyness 
and  re-ignited.  The  ash  was  then  very  slightly  alkaline  to  litmus. 
The  so-prepared  ashes  were  mixed  at  the  rate  of  0*5  per  cent,  with  the 
greater  part  of  the  sand  put  into  the  pots ;  the  remainder  of  the  sand 
at  the  top  of  the  pot  being  without  ash. 

The  drain  hole  at  the  bottom  of  each  pot  was  loosely  covered  with 
a  piece  of  thick  glass,  1  lb.  of  broken,  washed,  and  dried  flint  was 
then  put  in,  next  the  sand  with  ash,  and  lastly  the  sand  without  ash. 
The  pots  held  from  7  to  9  lbs.  of  the  yellow  Flitwick  sand,  from  6  to 
7  lbs.  of  the  lupin  sand,  and  about  4|  lbs.  of  the  garden  soiL 
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The  soil  extracts,  sapposed  to  supply  the  organisms,  were  made  bj 
shaking,  in  a  large  stoppered  bottle,  1  part  of  the  garden  soil  or  lupin 
sand  with  5  parts  of  distilled  water ;  and  after  the  heavier  portions 
had  settled  down,  syphoning  off  the  tnrbid  liqnid,  which  was  then 
passed  through  platinum  gauze  to  separate  any  floating  matter.  The 
liquid  was  again  sb&ken  before  taking  the  quantity  required  for  seed- 
ing the  soils,  or  for  analysis.  Determinations  of  nitric  nitrogen  by 
SchloBsing's  method,  and  of  total  nitrogen  by  copper  oxide,  gave  the 
following  results : — 


Per  cent. 

In  25  o.e.  extract. 

Nitric 
nitrogen. 

Total 
nitrogen. 

Nitric 
nitrogen. 

Total 
nitrogen. 

Gkirden  soil  extract .... 
Lnpin  sand  extract .... 

Per  cent. 
0-000371 
0  000110 

Per  cent. 
0  003169 
0  001184 

Millifn^m. 
0  093 
0-028 

Mil1ip«ni. 
0-790 
0-296 

It  is  thus  seen  that  the  25  c.c.  of  the  garden  soil  extract  used  for 
seeding  contained  little  more  than  |  of  a  milligram,  and  the  25  c.c.  of 
the  lapin  sand  extract  little  more  than  ^  of  a  milligram  of  nitrogen ; 
quantities  which  are  quite  immaterial  considered  as  a  supply  of  com- 
bined nitrogen. 

The  Seeds. 

The  peas  were  of  the  description  known  as  Maple  field-peas.  Four 
lots,  each  of  100  seeds,  weighed  27554,  27-i60,  27-218,  and  27-506 
grams;  giving  an  average  weight  per  seed  of  0*2743  gram.  A  large 
number  of  single  seeds  was  then  weighed,  and  those  only  retained 
for  sowing  or  analysis  which  gave  within  5  milligrams  of  the  m.ean 
weight. 

In  the  case  of  the  blue  lupins  the  largest  and  smallest  seeds  were 
picked  out  and  rejected.  Of  the  remainder,  fonr  separate  lots  of  100 
each  weighed  19-2290,  19-9215, 18*7960,  and  19*4580  grams,  giving 
an  average  weight  per  seed  of  01935  gram.  A  large  number  of 
single  seeds  was  then  weighed,  and  those  only  kept  for  use  the  weight 
of  which  was  within  5  milligrams  of  the  average  weight. 

From  the  yellow  lupin  seed  the  largest  were  removed  by  sifting, 
and  the  smallest  and  those  of  a  dark  colour  were  picked  out.  Of  the 
remainder,  three  separate  lots  of  100  each  weighed  121060,  11*9640, 
and  11*6180  g^ms,  giving  an  average  weight  per  seed  of  0*1190  gram. 
From  these,  seeds  were  selected  for  use  which  weighed  within  5  milli- 
grams of  the  average  weight. 
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Determinations  of  dry  matter,  and  of  nitrogen,  in  the  seeds,  gave 
the  following  i*e8XLlts : — 


B17 

matter 

at 
100^  0. 

Nitrogen. 

In  fresh. 

In  dry  matter. 

Sy  Boda-lime. 

By 

copper 
oxide. 

Boda- 

lime. 

Mean. 

By 

copper 
oxide. 

Ezpt.  1. 

Expt.  2. 

Mean. 

Maple  peas  •  • 
Blue  lupinfl . . 
Yellow  lupinn 

Per  cent. 
98-26 
94  03 
94  63 

Percent. 
3-537 
5  105 
6*649 

Percent. 
3-621 
5-098 
6-569 

Per  cent. 
8-579 
5-101 
6  609 

Per  cent. 
8-531 
5-864 
6-404 

Per  cent. 
8-837 
5-425 
6-984 

Per  cent. 
8-787 
5-705 
6-767 

It  shonld  be  stated,  as  applicable  to  the  whole  of  the  results  as  well 
as  to  those  recorded  in  the  foregoing  table,  that  nitrogen  was  deter- 
mined by  burning  in  a  vacuam.  with  copper  oxide,  and  collecting  and 
measuring  the  nitrogen  and  nitric  oxide.  In  all  cases,  however,  where 
there  was  sufficient  material,  determinations  were  also  made  by  the 
soda-lime  method,  as  a  check.  Nitrogen  as  nitrates  was  determined 
by  SchloBsing's  method.  The  copper  oxide  determinations  given  in 
the  table,  which  are  those  used  in  the  subsequent  calculations, 
were  made  upon  three  or  four  of  the  average  selected  seeds,  ground 
up  with  the  copper  oxide;  whilst  the  check  soda-lime  determinations 
were  made  on  quantities  taken  from  a  bulk  of  ground  seeds. 


The  Vegetation  Esoperiments  in  1888. 

It  was  intended  to  commence  the  experiments  early  in  the  summer, 
but  the  pressure  of  other  work  and  the  preparations  necessaiy  for  the 
expetiments  themselves,  prevented  the  sowing  of  the  seed  until  early 
in  August.  Nevertheless,  the  results  obtained  in  this  initiative 
series  were  not  only  of  value  as  affording  experience  on  various 
points,  of  which  advantage  has  been  taken  in  the  conduct  of  the  more 
extended  series  made  in  1889,  but,  as  will  be  seen,  they  have  afforded 
important  evidence  on  the  main  point  of  enquiry  itself. 

The  broken  flints,  the  sand  with  ash,  and  the  sand  without  ash,  or  the 
garden  soil,  as  the  case  may  be,  were  weighed  and  put  into  the  respective 
pots  at  the  laboratory,  taken  to  the  glass-house  on  August  4,  and 
watered  with  ammonia-free  distilled  water.  All  the  seeds  were  sown 
on  August  6.    Three  accurately  weighed  seeds  were  put  into  each  pot. 

From  the  first,  the  peas  germinated  and  grew  well  in  each  of  thd 
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four  pots ;  but  in  eacli  of  the  four  pots  of  blae  lupins,  and  in 
eaeli  of  the  four  of  jellow  lupins,  oue  or  more  seeds  failed, 
and  bad  to  be  replaced;  and  in  some  cases  these  also  failed 
There  was  in  fact  failure,  not  only  in  the  poor  Flit  wick  sand, 
but  in  the  less  poor  lupin  sand,  and  also  in  the  rich  garden  soil.  It 
is  admittedly  very  difficult  to  secui^e  healthy  growth  with  lupins  in 
pots.  On  discusBiug  the  matter  with  Hellriegel,  at  the  meeting  of 
the  Naturforscher  Versammlung,  at  Cologne,  in  September,  1888,  ho 
stated  that  it  had  required  the  experience  of  several  years  to  insure 
favourable  growth  of  lupins  under  such  circumstances ;  and  that  one 
essential  condition  seemed  to  be  that  the  soil  must  be  kept  open  and 
porous ;  a  result  which,  even  with  sand,  was  seldom  attained  if  the 
dry  materials  were  put  into  the  pot,  and  then  water  poured  on  ;  the 
better  plan  being  to  bring  the  sand  to  a  proper  condition  of  moisture 
by  well  mixing  water  with  it  by  degrees  out  of  the  pot,  and  then 
putting  it  lightly  into  the  pot.  It  is  also  important  that  the  mineral 
matter  added  to  the  soil  should  be  quite  neutral. 

The  failures  are  well  illustrated  by  the  photographs  exhibited. 
Thus,  in  spite  of  the  re-sowings,  there  were,  on  November  3,  that  is 
after  three  months  since  the  first  sowing  of  blue  lupins,  three  plants 
in  pot  I,  with  the  yellow  Flit  wick  sand  without  soil-extract ;  only  two 
in  pot  2,  with  the  same  sand  and  soil-extract  seeding ;  none  in  pot  3 
with  the  lupin  sand  itself,  from  which  the  soil-extract  was  prepared ; 
and  three,  but  of  very  varying  size,  in  pot  4,  with  garden  soil. 

Then  the  photographs  of  the  yellow  lupins  show  that,  in  pot  1,  with 
the  yellow  Flitwick  sand,  there  remained  only  two  plants ;  in  pot  2, 
with  the  same  sand  and  lupin  soil-extract  seeding,  only  two;  in 
pot  3,  with  the  lupin  sand  itself  only  two ;  and  in  pot  4,  with  the 
garden  soil,  only  two  plants. 

We  shall  call  attention  to  the  development  of  the  roots,  and  of 
nodules  on  them,  in  the  case  of  the  blue  and  yellow  lupins,  further  on. 
Nitrogen  determinations  have  also  been  made  in  most  of  the  products ; 
but,  as  with  both  blue  and  yellow  lupins,  there  was  actually  less 
growth  with  than  without  the  lupin  sand  extract,  assumed  to  supply 
the  organisms,  we  do  not  propose  to  discuss  the  analytical  results  on 
the  present  occasion ;  but,  so  far  as  that  part  of  the  subject  is  con* 
cemed,  we  shall  confine  attention  to  results  relating  to  the  peas,  of 
which  the  growth  was  much  more  satisfactory,  and  the  analytical 
results  afford  very  important  indications. 

As  already  said,  the  peas  in  each  of  the  four  pots  germinated  and 
grew  well.  Throughout,  those  in  the  garden  soil  were  more  luxuriant 
than  those  in  either  of  the  other  pots.  Poto  2  and  3  were  each  seeded 
with  25  c.c.  of  the  garden-soil-extract  on  August  13,  that  is  just  a 
week  after  the  sowing  of  the  seed.  For  some  time,  however,  the 
plants  in  pot  1,  with  the  sand  without  soil-extract,  showed   more 
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growth,  and  better  colour,  than  those  in  either  pot  2  or  pot  3  with  the 
soil-extract  seeding.  Indeed,  it  was  not  until  aboat  the  middle  of 
September,  that  is  four  or  five  weeks  after  the  seeding  with  soil- 
extract,  that  the  plants  in  pots  2  and  3  began  to  show  a  darker  green 
colour  than  those  in  pot  1  without  the  soil-extract.  The  indication 
was,  however,  so  striking,  that  on  September  25  it  was  decided  to 
count  the  leaves,  and  to  estimate  the  relative  area  of  leaf-surface,  on 
the  plants  in  the  different  pots.  For  this  purpose,  the  leaves  were 
classified  into  those  which  were  dead,  those  that  were  djing,  those 
which  were  changing  colour,  and  those  which  were  still  bright  green. 
It  must  suffice  here  to  show  the  number,  and  the  estimated  relative 
area,  of  the  total  leaves  in  each  case,  on  September  25,  when  the  first 
counting  and  estimates  were  made,  on  October  17,  on  November  14, 
and  on  December  14,  when  the  plants  were  cut.  The  following  table 
summarises  these  results.  The  first  four  columns  show  the  total 
number  of  leaves,  and  the  second  four  the  estimated  relative  leaf- 
surface,  that  of  the  plants  of  pot  1  (without  soil  seeding)  on  Septem- 
ber 25,  being  taken  as  100. 


Peas,  1888. 


Number  of  leaves. 

Estimated  relative  leaf- 
surface. 

Potl. 

Pot  2. 

Pot  3. 

Pot  4. 

Potl. 

Pot  2. 

Pot  3 

Pot  4. 

September  25 

October  17 

144 
188 
244 
382 

140 
200 
300 
540 

120 
184 
244 
390 

164 
216 
280 
434 

100 
143 
170 
267 

67 
172 
249 
481 

58 
158 
245 
434 

128 
242 
328 
463 

November  14 

December  14 

It  is  thus  seen  that,  on  September  25,  after  it  had  been  observed 
that  the  plants  in  pots  2  and  3,  vnth  the  soil-extract  seeding,  had 
begun  to  show  a  darker  green  colour  than  those  in  pot  1  without  the 
soil-extract,  thej  nevertheless,  up  to  that  date,  showed  both  a  less 
number  of  leaves,  and  considerably  less  leaf-surface,  than  the  plants 
in  pot  1.  It  is  not  very  clear  why  the  plants  with  the  soil-extract  seeding 
should  have  remained  so  long  in  a  comparatively  backward  condition. 
It  may  be  that  the  result  was  only  accidental,  depending  on  the 
character  of  the  seeds,  or  on  the  fact  that  pot  1  stood  at  the  southern 
end  of  the  row,  and  nearest  the  glass.  The  alternative  is  that,  in  the 
early  stages  of  development  of  the  organisms  supplied  in  the  soil- 
extract,  and  of  the  resulting  nodules,  the  growth  of  the  main  plant 
was,  in  some  way,  retarded.     The  figures  show,  however,  that^  from 
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this  date,  tbe  plants  in  pots  2  and  3  with  tlie  soil-extract,  gradually 
gained  upon  those  in  pot  1  without  it,  both  in  number  of  leaves,  and 
in  leaf -surface ;  nntil,  when  the  plants  were  taken  np  on  December  14, 
those  in  pots  2  and  3  showed  540  and  390  leaves,  against  only  382 
on  those  in  pot  1 ;  and  the  plants  of  pots  2  and  3  showed  481  and 
434  of  leaf-surface,  against  only  267  in  pot  1.  It  is  seen  that  there 
is  here  clear  evidence  of  increased  grovrth  under  the  influence  of 
the  soil-extract  seeding. 

Photographs  of  the  4  pots  of  plants  were  taken  on  September  1,  on 
September  22,  on  October  6,  and  lastly  on  November  3,  about  five 
weeks  before  the  taking  up  of  the  plants,  and  they  indicate  relative 
progress  consistently  with  the  estimates  given  in  the  foregoing 
table. 

In  regard  to  the  general  character  of  growth  it  should  be  stated  that, 
in  all  the  pots,  the  upper  portions  of  the  plants  obviously  developed 
at  the  expense  of  the  lower ;  the  leaves  of  which  gradually  lost  colonr, 
and  died  off,  whilst  the  stems  and  the  leaves  of  the  upper  portion 
increased  in  growth  ;  those  in  pots  2,  3,  and  4,  continuing  to  vegetate, 
and  to  maintain  their  bright  green  colour,  up  to  the  end ;  whilst  those 
in  pot  1  had  shown  more  exhaustion,  and  maintained  much  less 
colour.  There  was,  however,  as  was  to  be  expected  so  late  in  the 
season,  no  indication  of  flowering  in  any  of  the  pots. 

It  should  be  farther  stated,  that  the  plants  in  all  the  pots  com- 
menced rather  early  to  show  signs  of  mildew,  which  increased  very 
considerably,  especially  on  the  lower  portions  of  the  plants,  in  the 
later  stages  of  growth.  This  was,  perhaps,  not  to  be  wondered 
at,  considering  that  the  greenhouse  was  in  the  midst  of  allotment 
gardens,  and  that  the  plants  were  unavoidably  subjected  to  consider- 
able changes  as  to  temperature  and  moisture  of  the  atmosphere. 
Ventilation  was,  however,  secured  as  far  as  practicable. 

The  next  point  to  consider  is,  the  actual  and  comparative  develop- 
ment of  the  roots,  and  of  nodules  on  them,  in  the  different  pots,  with 
their  different  soil  conditions.  As  the  roots  had  to  be  preserved 
without  any  loss,  for  analysis,  the  mode  of  dealing  with  them  for  the 
purposes  of  examination  had  to  be  very  carefnlly  considered,  and  was 
necessarily  more  restricted  than  if  examination  had  been  the  only 
object.  After  the  above-ground  growth  had  been  cut  off  and 
removed,  the  pots,  with  their  moist  soil  and  roots,  were  kept  in  a 
wai-m  dry  place  until  the  examination  commenced.  The  block  of 
soil  was  carefully  turned  out  on  to  glazed  cartridge  paper,  with  as 
little  shaking  or  disturbance  as  possible,  and  notes  were  at  once  taken 
as  to  the  distribution  of  the  roots,  so  far  as  it  was  then  apparent; 
The  sand  or  soil  was  then  removed  little  by  little,  until  the  roots 
were  left  neai'l  j  bare.  Further  notes  being  then  taken,  the  remaining 
sand  or  soil  was  removed  as  far  as  possible  by  washing  in  a  beaker 
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with  a  little  distilled  water.  The  roots  were  then  spread  out  upon 
paper,  and  so  photographed,  and  finally  noted  upon. 

Enlarged  photographs  of  the  roots  of  the  plants  grown  in  pot  1, 
with  the  yellow  sand  vrithout  soil-extract  seeding,  in  pot  2,  with  the 
same  sand  and  soil-extract  seeding,  and  in  pot  4,  in  the  garden  soil, 
were  exhibited. 

The  roots  in  pot  1,  with  the  yellow  sand  without  soil-extract  seed- 
ing, showed  a  densely  matted  mass  of  fibre,  those  of  the  different 
plants  being  considerably  interwoven ;  and  although  a  few  fibres 
reached  the  bottom  of  the  pot,  and  distributed  through  the  flints,  by 
fas  the  greater  portion  was  accumulated  within  the  top  4  inches  of 
the  sand ;  and,  notwithstanding  there  was  here  no  soil-extract  seeding, 
there  were  many  nodales  on  the  roots,  bat  they  were  fewer,  and 
generally  much  smaller,  than  on  the  roots  grown  with  soil-extract 
seeding ;  they  were  also  less  characteristically  accumulated  near  the 
surface,  and  more  distributed  along  the  root- fibres.  There  were, 
however,  some  agglomerations  of  nodules.  Comparing  this  result 
with  that  obtained  in  1889,  with  a  purer  and  sterilised  sand, 
there  can  be  little  doubt  that  the  development  of  nodales,  and  the 
comparatively  luxuriant  growth,  in  this  pot  without  soil-extract 
seeding,  are  to  be  attributed  to  the  impurity,  and  non-sterilisation,  of 
the  sand. 

The  roots  in  pot  2,  with  soil-extract  seeding,  also  showed  a  dense 
mass  of  fibre,  which,  however,  extended  from  the  top  to  the  bottom 
of  the  soil,  penetrated  the  layer  of  flints,  and  distributed  over  the 
bottom  of  the  pot.  In  fact,  the  roots  were  much  more  generally 
distributed  throughout  the  soil,  and  less  accumulated  within  the 
surface  layers,  than  in  pot  I.  The  most  developed  root  of  the  three, 
had  three  large  agglomerated  nodules,  each  with  some  scores  of  pro- 
tuberances, somewhat  as  on  a  raspberry  or  mulberry.  The  other 
plants  also  showed  similar  nodules,  but  of  a  smaller  size.  There 
were  also  a  number  of  small  clusters  distributed  over  the  rootlets,  but 
very  few  single  nodules,  differing  in  this  respect  from  the  character 
of  development  observed  in  pot  1. 

In  pot  3,  also  with  soil-extract  seeding,  each  of  the  three  plants  had 
developed  a  mass  of  root-fibre  extending  throughout  the  soil  from 
the  top  to  the  bottom ;  though  the  greatest  quantity  was  within  the 
first  6  of  the  7^  inches  of  depth.  There  were  large  agglomerationa 
of  nodules  on  the  roots  of  each  plant.  There  were,  besides,  many 
small  clusters,  and  here  and  there  single  nodules.  By  far  the  most 
of  the  nodules  were  within  the  top  3  inches  of  the  sand;  but  one 
considerable  bunch  was  found  as  low  as  4  inches  from  the  surface. 
As  in  the  other  cases,  the  nodules  were  grey,  and  much  lighter  in 
colour  than  the  roots  on  which  they  grew. 

Each  of  the  three  plants  in  pot  4,  with  the  g^den  soil,  had  a 
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stouter  main  root  than  any  of  those  in  the  other  pots.  From  the 
side  branches  there  proceeded  a  large  aruonnt  of  fine  root-fibres, 
which  extended  thronghont  the  whole  soil,  those  from  the  different 
plants  being  mach  interwoven.  The  roots  extended  round  the  sides 
and  along  the  bottom  of  the  pot,  much  more  than  in  either  of  the 
other  pots.  A  photograph  was,  therefore,  taken  of  the  block  of  soil 
as  it  came  out  of  the  pot,  showing  this  special  character  of  root- 
development.  There  were  three  small  clusters  of  nodnles  on  the 
roots  of  each  of  the  three  plants,  one  or  two  smaller  bunches,  and 
here  and  there  a  single  nodule.  Bat  the  clusters  were  much  smaller, 
the  total  number  of  nodules  was  much  less,  and  they  were  more 
distributed  throughout  the  soil,  in  this  pot  with  rich  garden  soil,  than 
in  either  of  the  others,  even  than  in  pot  1,  without  any  soil-extract 
seeding.  As  the  description  shows,  the  root-development  was  at  the 
same  time  much  greater  than  in  either  of  the  other  pots.  To  thid 
point  we  shall  have  to  recur  again,  bat  it  may  be  remarked  in  passing, 
that  the  greater  development  of  root  and  root-fibre,  and  the 
less  development  of  the  root-Jiodules,  in  the  soil  which  itself  supplied 
abundance  of  nitrogenous,  as  well  as  of  other  nutriment,  is 
consistent  with  the  observations  of  some  other  experimenters ;  but 
it  is,  on  the  other  hand,  inconsistent  with  the  observations  and  views 
of  others. 

Finally  in  regard  to  the  relative  development  of  root-nodules  under 
the  different  conditions,  the  evidence  is  clear,  that  there  was  a  greatly 
enhanced  development  of  them  under  the  influence  of  the  soil-extract 
seeding ;  and  that,  coincidently  with  this,  there  was  a  considerably 
increased  growth  of  the  above-ground  parts  of  the  plant. 

The  distinctly  less  development  of  root-nodules  in  the  rich  garden 
soil,  than  in  the  sand  with  soil-extract  seeding,  as  observed  in  the 
case  of  the  peas,  was,  however,  not  found  in  that  of  the  lupins,  as 
the  following  notes  on  the  roots  of  the  lupins  grown  in  1888,  will 
show. 

In  pot  5,  with  the  impure  yellow  sand,  bat  without  soil-extract, 
eventually  three  plants  of  blue  lapins  grew.  From  the  shorty  thick, 
main  root,  many  branches  proceeded,  extending  from  the  top  to  the 
bottom  of  the  soil;  those  plants  having  the  largest  above-ground 
development  had  also  the  most  root.  The  branches  were  fleshy  and 
sacculent,  and  thicker  at  a  distance  from  the  main  stem  than  near 
it.     No  nodules  were  observed  on  the  roots  in  this  pot. 

In  pot  6,  with  lapin-soil-extract,  but  with  only  two  plants,  the  roots 
were  of  the  same  general  character  as  to  branching,  extension,  fleshi- 
ness,  and  succulence,  as  those  in  pot  5.  There  was,  however,  one 
nodule,  about  the  size  of  a  pea,  on  a  root-fibre  on  one  of  the  two 
plants.  ^ 

In  pot  7,  with  the  lupin  sand  itself,  there  was  no  plant. 
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In  pot  8,  with  the  garden  soil,  there  were  three  plants,  two  of  them 
small  ones  from  more  recent  sowings  than  the  other,  and  with  mnch 
less  root  development ;  bnt  there  were  three  or  fonr  nodnles  or  swel- 
lings on  the  root-fibres  of  each  plant.  The  largest  and  oldest  plant 
showed  a  very  great  development  of  root,  extending  throughout  the 
soil,  round  the  sides,  and  along  the  bottom  of  the  pot.  On  the  main 
root,  which  was  thick  and  strong  down  to  about  5  inches,  there  were 
two  largo  swellings  or  nodules  about  3  inches  from  the  surface,  each 
of  which,  unlike  the  bunches  of  nodales  on  the  pea  roots,  appeared 
externally  to  be  single  and  solid,  but  indented.  There  were,  besides, 
nineteen  small  swellings  on  the  root-fibres,  of  the  same  colour  as  the 
root  itself,  and  whether  these  were  nodules  or  not  was  not  very 
obvious. 

In  pot  9,  in  the  yellow  sand  without  soil -ex  tract,  there  were  two 
plants  of  yellow  lupins.  With  less  above-ground  growth,  there  waa 
also  considerably  less  root  development,  than  under  the  same  soil  con- 
ditions with  the  blue  lupins  (pot  5).  As  in  the  case  of  the  blue 
lupins,  there  were,  however,  no  nodules. 

In  pot  10,  with  lupin-soil-extract  seeding,  there  were  two  small 
plants,  also  with  small  root-development,  bnt  throwing  out  much  fine 
fibre  near  the  surface,  and  then  slender  branches  to  the  bottom  of  the 
pot.     There  were  here,  again,  no  nodules. 

In  pot  11,  with  the  lupin  sand,  there  were  two  plants,  one  very 
much  larger  than  the  other.  There  was  a  swelling  on  the  thick  main 
root  of  the  smaller  plant,  but  there  were  no  nodules  on  the  rootlets. 
The  larger  and  older  plant  developed  a  dense  mass  of  both  fleshy  and 
fine  fibrous  root.  The  main  root,  about  1  inch  from  the  surface, 
was  encased  by  a  large  swelling.  The  roo^.s  extended  from  the  top 
to  the  bottom  of  the  soil.  No  nodules  were  observed  on  the  rootlets, 
but  there  was  an  abundance  of  root-hairs. 

In  pot  12,  with  garden  soil,  there  'were  two  plants.  The  stout, 
woody,  main  root,  extended  deeper  than  in  the  other  pots ;  and  there 
were  many  branches,  extending  round  the  sides  and  along  the  bottom 
of  the  pot.  Tlie  larger  plant  had  two  swellings  on  the  main  root, 
about  li  inch  from  the  surface,  each  of  the  size  of  a  field  bean  ;  also 
three  small  nodules  on  the  root-fibres.  The  smaller  plant  had  one 
indication  of  sucii  a  swelling  on  the  main  root,  and  twelve  nodules  on 
the  root- fibres,  three  the  size  of  a  pea,  three  half  as  large,  and  six 
very  small.  The  larger  were  1  or  2  inches  ivom.  the  surface,  the 
others  lower,  one  6  inches  down.  There  was  more  fine  fibre,  but 
veiy  much  leas  development  of  root-hairs  than  in  pot  11. 

Thus,  in  the  case  of  both  blue  and  yellow  lupins,  there  were  no 
nodules  without  soil-extract,  and  only  one  with  the  lupin  soil-extract 
seeding.  In  the  lupin  soil  itself  there  was  some  indication,  but  in 
the  garden  soil  there  was,  with  both  descriptions  of  lupin,  a  much 


98 


Sir  J.  B.  Lawes  and  Prof.  J.  H.  Gilbert.         [Jan.  9, 


more  marked  development,  both  of  swellings  on  the  main  roots,  and 
of  nodules  on  the  root-fibres.  The  very  meagre  development  of 
nodules  both  with  lupin-soil-extract  seeding,  and  in  the  lupin-soil 
itself,  in  1888,  when,  as  will  be  seen  farther  on,  the  result  was  so 
different  in  1889,  saggests  the  question  whether  the  lupin-sand  of 
1888  had  been  too  much  dried,  and  so  sterilised. 

The  Analytical  Results. 

We  will  now  turn  to  the  evidence  afforded  by  analysis,  as  to  the 
difference  in  the  amount  of  growth,  and  especially  as  to  the  difference 
in  the  amount  of  nitrogen  assimilated,  in  the  peas  grown  under  the 
diffei*ent  conditions. 

The  following  table  shows  the  percentages  of  ash,  and  of  nitrogen 
determined  by  copper  oxide  (each  calculated  on  the  dry  substance), 
in  the  stems  and  leaves  together,  and  in  the  roots,  of  the  plants  in  the 
different  pots. 


Per  cent,  in  dry  substance. 

Ash. 

Nitrogen. 

In  stems 
and  leaves. 

In  roots. 

In  stems 
and  leaves. 

In  roots. 

Pot  1.     Sand,   without   8oil-ex- 
tract 

Per  cent. 

19-70 

16  07 

13-87 

9-17 

Per  cent. 
28  67 
86-75 
23-26 
20-44 

Per  cent. 
2-904 
4-900 
4-006 
4-534 

Per  cent. 
2-574 
3  195 
3-357 
2-791 

Pot  2.     Sand,  with  soU-extraet. . 
Pot  3.    Sand,  with  soil-extract. . 
Pot  4.     Garden  soil  . . .  •  • 

It  is  remarkable  how  much  lower  is  the  percentage  of  ash  in  the  dry 
Bubstance  of  the  more  normally- developed  plants  grown  in  the 
garden  soil,  than  in  that  of  those  grown  in  the  sand  with  plant- 
a>h  added.  There  can  be  no  doubt  that  the  amount  of  soluble 
mineral  matter  provided  in  the  quantity  of  ash  used  was  excessive ; 
and  less  has  been  supplied  in  the  experiments  of  1889.  The  per- 
centage of  ash  in  the  dry  substance  of  the  roots  is,  however,  in  all 
cases  high,  but  doubtless  some  adherent  sand  would  be  included. 

The  differences  in  the  percentage  of  nitrogen  in  the  dry  substance  of 
the  differently  grown  plants  are  consistent  with  the  known  characters 
of  growth.  Thus,  the  lighter  colour,  and  the  comparatively  restricted 
growth,  of  the  plants  in  pot  1,  indicated  nitrogen  exhaustion ;  and  the 
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poTcentage  of  nitrogen  in  the  dry  substance,  of  both  the  above- 
groand  and  the  under-groand  produce,  is  lower  than  in  either  of  the 
other  cases.  It  may  be  farther  noted,  that  the  roots  grown  in  pots  2 
and  3  with  the  soil-extract,  and  with  so  much  greater  development  of 
Bodales  than  in  either  pots  1  or  4,  at  the  same  time  contained  a  con- 
siderably higher  percentage  of  nitrogen  in  their  dry  substance. 

The  next  table  shows  the  actual  quantities  of  dry  substance,  of 
ash,  and  of  nitrogen,  in  the  separated,  and  in  the  total,  products  of 
growth. 


Actual  amounts  in  the  produce. 

Dry  substance. 

Ash. 

Nitrogen. 

In 

stems 

and 

leaves. 

In 
roots. 

In 
whole 
plant. 

In 

stems 

and 

leaves. 

In 
roots. 

In 
whole 
plant. 

In 

stems 

and 

leaves. 

In 
roots. 

In 
whole 
plant. 

Pot  1 

grams. 
7*423 
9-368 
9-411 

12-808 

grams. 
2-600 
2-409 
1-748 
2-846 

grams. 
10-023 
11-777 
11  -159 
16-654 

grams. 
1-462 
1-505 
1-305 
I  175 

gram. 
0-746 
0-885 
0-407 
0-562 

grams. 
2-207 
2-390 
1-712 
1-757 

gram. 
0-2153 
0  -4591 
0-8771 
0-6816 

gram. 
0  *0t;()9 
0-0770 
0-0587 
0-0794 

gram. 
0  2822 
0-6361 
0-43.57 
0-6600 

Pof2 

I'otS 

Pot  4 

It  is  seen  that  there  is  more  dry  substance  in  the  above-ground 
growth,  but  less  remaining  in  the  roots,  in  pots  2  and  3  with  the  soil- 
extract  than  in  pot  I  without  it.  In  the  whole  plant  there  is,  of  dry 
substance  with  soil-extract,  about  I  If  grams  in  pot  2,  and  more  than 
II  grams  in  pot  3,  against  only  10  grams  in  pot  1  without  soil- 
extract. 

.The  point  of  chief  interest  is,  however,  that  there  was  twice,  or 
more  than  twice,  as  much  nitrogen  in  the  above-ground  growth  in 
pots  2  and  3  with  the  soil-extract  seeding,  as  in  pot  1  without  it.  But 
there  is  much  less  difference  in  the  amount  of  nitrogen  remaining  in 
the  roots  under  the  different  conditions.  In  the  total  vegetable  matter 
there  is  in  pot  2  more  than  twice,  and  in  pot  3  nearly  twice,  as  much 
nitrogen  as  in  pot  I  without  the  soil-extract. 

With  the  full  supply  of  already  combined  nitrogen  in  pot  4,  with 
garden  soil,  there  was  about  one  and  a  third  time  as  much  dry  sub- 
stance produced,  and  more  nitrogen  assimilated,  than  under  the 
influence  of  the  soil-extract  seeding. 

The  significance  of  the  results  relating  to  the  nitrogen  is,  how- 
ever, more  clearly  brought  to  view  in  the  next  table,  which  shows— 
the  amounts  in  the  soils  at  the  commencement  and  at  the  conclusion 
of  the  experiment,  and  the  gain  or  loss ;  the  amounts  in  the  seed,  in 
the  total  products  of  growth,  and  the  gain ;  the  total  nitrogen  in  the 
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8oil  and  seed  at  the  commencement,  in  the  soil  and  produce  at  the 
conclusion,  and  the  gain.  Lastly,  in  the  last  column  but  one,  the 
total  gain,  reckoning  iu  each  case,  the  initial  nitrogen  =  1 ;  and,  in 
the  last  column,  the  gain  in  the  plants,  reckoning  the  nitrogen  in  the 
seed  =  1. 

[The  results  relating  to  the  soils  in  pots  1,  2,  and  3,  are  calculated 
from  the  copper  oxide  determinations ;  which  gave,  in  the  dry  sand 
at  the  commencement  (as  already  shown)  0'00245  per  cent,  nitrogen ; 
and  at  the  conclusion  the  amounts  were : — 0*00269  in  that  of  pot  1, 
000239  in  that  of  pot  2,  and  000208  in  that  of  pot  3.  The  deter- 
minations in  the  garden  soil  were  by  the  soda-lime  process,  and  were 
only  made  to  obtain  a  general  idea  of  the  result,  and  were  not 
intended  for  exact  quantitative  estimates  of  gain  or  loss.  Thns,  the 
higher  the  percentage  of  nitrogen,  the  smaller  the  quantity  that  can 
be  taken  for  burning,  whilst  such  a  soil,  rich  from  the  application  of 
dun^,  is  a  very  heterogeneous  mixture,  and  difficult  to  sample  for 
analysis.  It,  moreover,  contains  a  very  large  amonnt  of  carbon,  and 
gives  a  coloured  acid  for  titration.  Nor  was  the  nitric  acid  deter- 
mined, either  at  the  commencement  or  at  the  conclnsion ;  but,  with 
so  much  organic  matter  the  error,  if  any,  thus  arising  would  be 
immaterial.  The  determinations  were,  however,  fairly  accordant  for 
such  material;  giving,  calculated  on  the  dry  soil,  at  the  commence- 
ment, 0*4341  and  0*4379,  mean  0*4360  per  cent. ;  and  at  the 
conclusion,  0*4378  and  0*4342,  mean  0*4360.  It  may  be  added,  that 
a  difference  or  error  of  0*01  in  the  percentjige  of  nitrogen  in  the  soil, 
would  represent  a  gain  or  loss  of  0*204  gram  on  the  quantity  of  the 
garden  soil  used.  The  data  upon  which  the  amounts  of  nitrogen  in 
the  seed,  and  in  the  products  of  growth,  are  calculated,  have  been 
already  considered. — January  24,  1890.] 


Nitrogen. 

In  soil. 

1 
In  seeds  and  produce. 

Total. 

In  total 

prodiicis, 

total 

initial 

=  1. 

In 
planla. 
nitrogen 
in  attd  1 
=  1.    ' 

At  com- 
mence- 
ment. 

At 
con- 
clusion. 

Galn(-f) 
or 

lOM(-). 

In 
seeds 
sown. 

In 

total 

plants. 

Gain. 

At  com- 
mence- 
ment. 

At 
con- 
clusion. 

Gain. 

Pot  1... 
Pot  2... 
Pot  3... 
Pot  4... 

grams. 
0  -Oim 
0  -OJMW 

0  -ofinn 

7  -9989 

gramn. 
0-1096 
0  -0974 
0 •0S48 
7-9989 

gram. 

+  0-0097 
-0*0025 
-0*0151 

gram. 
0  -0293 
0*0298 
0-0291 
0  0301 

gram. 

0  •2«22 
0*6361 
0-4357 
0-6600 

gram. 

0-2529  ' 
0-5063  ; 
0-4066  1 
0-6299  1 

1 

grams. 

0-1292 

0*1297 

0-1290 

8*0290 

0-3918 
0-6335 
0-6205 
8*6589 

gram. 
0*2626 
0*5088 
0  -3916 
0*6299 

3*03 
4*88 
4*04 
1*08 

9*63 
17-99 
14*97    , 
21 -93 

The  first  point  to  notice  is,  that  there  is  very  little  difference  in  the 
amount  of  nitrogen  in  the  soils  at  the  commencement,  and  at  the 
conclusion,  of  the  experiments.      There  would,  doubtless,  be  some 
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fine  root-fibre  not  removed  at  the  conclnsion,  bo  that  where  there  is 
loss  it  is  to  be  supposed  that  some  of  the  original  nitrogen  of  the  soil 
has  contribnted  to  the  growth.  In  the  case  of  the  garden  soil,  with 
its  high  percentage  of  nitrogen,  it  is  of  course  not  impossible  that 
there  may  have  been  some  loss  by  evolution  of  free  nitrogen. 

That  there  is  at  any  rate  no  material  gain  in  the  soils  would  seem 
to  be  confirmatory  of  the  conclusion  indicated  by  other  evidence, 
that  the  fixation  of  nitrogen  is  not  effected  by  the  organisms  within 
the  soil  independently  of  the  symbiotic  growth  of  the  nodules  and 
their  contents  and  the  higher  plant  to  which  they  are  attached,  to 
whose  nitrogenous  supply  they  seem'  to  contribute.  Indeed,  if  the 
fixation  had  taken  place  under  the  infiuence  of  microbes  within  the 
soil,  independently  of  connexion  with  the  higher  plant,  we  should 
have  to  conclude  that  the  latter  had,  nevertheless,  availed  itself  of 
exactly  the  whole  of  the  nitrogen  so  brought  into  combination — a 
supposition  for  which  there  would  seem  no  reasonable  justification. 

Turning  to  the  middle  division  of  the  table,  which  shows  the  nitro- 
gen in  the  seed  sown,  in  the  total  vegetable  matter  grown,  and  the 
gain,  and  disregarding  the  changes  in  the  soil  itself,  which  it  has  been 
seen  may  well  be  done,  it  will  be  observed  that  the  gain  of  nitrogen  in 
the  plants  is  so  large  as  to  be  very  far  beyond  the  limit  of  any 
possible  experimental  error.  This  certainly  cannot  bo  said  of  some 
of  the  experiments  conducted  on  other  lines,  the  results  of  which 
have  been  published  in  recent  years,  and  been  held  to  show  the  fixa- 
tion of  free  nitrogen  under  the  agency  of  micro-organisms  within  the 
soil,  without  coincident  higher  plant-growth,  or  with  the  coincident 
growth  of  other  plants  than  of  the  leguminous  family. 

The  gain  in  these  initiative  experiments  with  peas  is,  however, 
much  less  than  in  many  of  those  of  Hellriegel  and  Wilfarth.  This  is 
not  to  be  wondered  at,  when  the  late  period  of  the  season,  and  the 
consequent  character  of  the  growth,  are  borne  in  mind ;  and  when  we  , 
come  to  consider  the  greater  growth  attained  in  the  experiments  of 
1889,  little  doubt  can  be  entertained  that  the  fixation  was  then  very 
much  greater  than  it  was  in  1888. 

To  refer  to  the  figures,  it  is  seen  that,  whilst  the  nitrogen  supplied 
in  the  seed  was  only  0*03  gram  or  less,  that  of  the  products  of  growth 
was  0*2822  gram  in  pot  1, 0-5361  in  pot  2, 0-4357  in  pot  3,  and  0*6600 
in  pot  4 ;  and  the  gains' are  ^  of  a  gram  in  pot  1,  more  than  \  a  gram 
in  pot  2,  nearly  \  a  gram  in  pot  3,  and  more  than  \  a  gram  in  pot  4. 

The  third  division  of  the  table  shows — the  total  nitrogen  at  the  com- 
mencement (in  soil  and  seed  together),  at  the  conclusion  (in  soil  and 
total  vegetable  matter  grown),  and  the  gains.  But  tlie  significance  of 
the  results  is  more  clearly  seen  in  the  last  two  columns.  The  6rst  of 
these  shows  the  relation  of  the  amount  of  nitrogen  in  the  total 
products  (soil  and  plants  together)  to  the  total  initial  nitrogen  (soil 
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and  seed  together),  taken  as  1.  It  is  seen  that,  even  in  pot  1,  with 
the  impure  and  not  sterilised  sand,  but  without  soil-extract,  there 
was,  so  reckoned,  more  than  three  times  as  much  nitrogen  in  the 
products  as  in  the  soil  and  seed ;  in  pot  2,  with  soil-extract,  there  was 
about  five  times  as  much ;  and  in  pot  3,  also  with  soil -extract,  there 
was  more  than  four  times  as  much.  In  the  case  of  pot  4,  how- 
ever, with  garden  soil,  owing  to  the  large  amonnt  of  initial  nitrogen 
in  the  soil,  the  gain,  so  reckoned,  appears  but  small. 

It  is  in  the  last  column  of  the  table,  in  which,  disregarding  the  nitro- 
gen in  the  soils,  which  remained  so  nearly  constant  throughout,  and 
reckoning  the  relation  of  the  nitrogen  in  the  total  products  of  growth 
to  that  in  the  seed  taken  as  1,  that  the  large  amount  of  fixation  is 
brought  clearly  to  view.  So  reckoned,  the  nitrogen  in  the  substance 
grown  was — in  pot  1,  9 J  fold ;  in  pot  2,  nearly  18  fold ;  in  pot  3, 
nearly  15  fold ;  and  in  pot  4,  nearly  22  fold,  that  supplied  in  the  seed. 

The  Vegetation  Experiments  in  1889. 

In  this  second  season  a  more  extensive  series  was  arranged.  The 
plants  selected  were — peas,  red  clover,  vetches,  blue  lupins,  yellow 
lupins,  and  lucerne.  For  the  lupins  and  lucerne,  specially  made  pots 
of  glazed  earthenware,  about  6  inches  in  diameter,  and  15  inches  deep 
inside,  that  is  about  t\^ice  as  deep  as  the  pots  used  in  18^8,  and  as 
used  again  for  the  peas,  red  clover,  and  vetches,  were  employed. 
These  pots  had  holes  at  the  bottom  for  drainage,  and  slits  at  the 
side,  near  the  bottom,  for  aeration.  Ail  the  pots  stood  in  specially 
made  saucers  or  pans  of  the  same  material.  A  quantity  of  broken, 
washed,  and  this  time  ignited  flint,  was  put  into  the  bottom 
of  each  pot.  The  sand  used  was  a  rather  coarse  white  quartz  sand, 
from  which  the  coarser  and  the  finer  portions  were  removed  by  sifting, 
and  more  of  the  finer  by  washing  and  decantation,  first  with  well,  and 
afterwards  with  distilled  water.  In  defect  of  means  for  igniting  so 
large  a  quantity  of  material  (about  300  lbs.)  without  running  the 
risk  of  gaining  more  impurity  than  was  expelled,  the  portion 
retained  for  use  was  kept,  in  successive  lots,  in  a  large  water-bath, 
at  nearly  100°  C,  for  several  days,  and  then  preserved  in  well-cloeed 
bottles.  The  results  will  show  that  the  sand  so  prepared  was  suffi- 
ciently, if  not  absolutely,  sterilised. 

In  each  case  the  sand  was  mixed  with  0*1  per  cent,  of  the  plant-ash, 
and  O'l  per  cent,  of  calcium  carbonate. 

There  were  four  pots  of  each  description  of  plant.  Of  the  peas, 
clover,  vetches,  and  lucerne,  No.  1  was  with  the  prepared  quartz  sand 
without  soil-extract ;  No.  2  with  the  quartz  sand  and  garden  soil 
exti'act  added ;  No.  3  was  duplicate  of  No.  2 ;  and  No.  4  was  with 
the  garden  soil  itself.     Of  the  blue  and  yellow  lupins.  No.  1  was  with 
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the  prepared  quartz  sand  without  soil-extract ;  No.  2  with  lupin-soil- 
extract  added ;  No.  3  was  duplicate  of  No.  2  ;  and  No.  4  was  with  the 
lupin  soil  itself,  to  which  0*01  per  cent,  of  the  plant-ash  was  added. 

The  soil-ex tracts  were  in  all  cases  added  on  July  9,  before  the 
sowing  of  the  seed  ;  25  c.c.  in  the  case  of  the  peas,  vetches,  and  clover, 
and  50  c.c.  in  that  of  the  lupins  and  lucerne. 

The  seeds,  carefully  selected  and  weighed  as  in  1888,  were  sown  on 
July  10,  that  is,  about  four  weeks  earlier  than  in  the  previous  year, 
but  still  not  so  early  as  was  desirable.  In  the  case  of  the  clover,  ten 
seeds  were  sown  in  each  pot ;  in  that  of  the  blue  and  yellow  lupins 
three,  and  in  that  of  the  peas,  vetches,  and  lucerne,  only  two  seeds 
were  put  in  each  pot. 

In  all  four  pots,  the  peas  germinated  and  grew  well  from  the  begin- 
ning. In  the  No.  1  pot  of  vetches,  one  seed  failed  and  had  to  be 
replaced.  Several  of  the  red  clover  seeds  failed,  and  eventually  four 
plants  only  were  left  in  each  pot.  As  in  1888,  most  of  the  blue 
lupins  failed ;  and  eventually  only  one  plant  in  only  one  of  the  four 
pots,  remained.  Some  of  both  the  yellow  lupins  and  the  lucerne  also 
failed ;  but,  as  will  be  seen  further  on,  eventually  two  good  plants 
of  each  remained  in  each  pot. 

No  analytical  details  relating  to  the  experiments  of  1889  are  yet 
available ;  but  the  notes  on  growth,  and  the  photographs  of  the 
plants  and  of  their  roots  convey  a  clear  idea  of  the  importance  and 
significance  of  the  results  obtained. 

The  peas  were  taken  up  on  October  23  and  24.  Photographs  of 
the  four  pots  of  plants  were  taken  on  August  3,  August  20,  Septem- 
ber 27,  and  October  22,  that  is  the  day  before  taking  up ;  and  an  en- 
largement of  the  last  taken  is  exhibited.  It  is  seen  that,  unlike  the 
result  obtained  in  pot  1  in  1888  with  the  impure  and  non -sterilised 
sand,  the  plants  in  the  purer  and  sterilised  quartz  sand,  show 
extremely  limited  growth.  Before  the  end  of  July,  the  plants  in 
both  pots  2  and  3,  with  soil-extract,  began  to  show  enhanced  growth 
compared  with  that  in  pot  1,  without  soil-extract  seeding;  and 
eventually,  whilst  the  plants  in  pot  1  were  only  8^  and  8^  inches  in 
height,  those  in  pot  2  with  soil-extract  were  14  and  60^  inches ;  and 
those  in  pot  3,  also  with  soil-extract,  were  52^  and  »50J  inches  high. 
In  pot  4,  with  the  garden  soil,  the  plants  showed  even  somewhat  less 
extended  growth  than  those  in  pots  2  and  3  with  the  soil -extract 
only.  But  the  plants  in  pot  4  were  more  vigorous,  and  whilst  they 
i1(/wered  and  seeded,  neither  of  those  in  either  pot  2  or  3  did  so ;  but 
continued  to  vegetate,  the  upper  parts  apparently  at  the  expense  of 
the  lower. 

The  root  development  should  be  briefly  noticed.  In  pot  1,  without 
soil-ex  tract,  it  was  altogether  much  less  than  in  either  pot  2  or  pot  3 
with  soil-extract,  or  than  in  pot  4  with  garden  soil.    'Enlarged  photo- 
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graphs  of  the  roots  of  pot«  1,  3,  and  4,  clearly  illustrate  this.  It  is 
further  seen  that,  in  pot  1,  without  soil-extract,  the  main  roots 
desf^ended  some  distance  before  they  threw  oat  any  considerable 
amount  of  root-branches  and  of  root-tibre ;  whereas,  in  pots  2  and  3. 
with  soil-extract,  there  was  characteristically  much  more  fibre  dis- 
tributed both  in  the  npper  layers  and  throughout  the  pot. 

It  is  specially  to  be  noted  that,  whereas  in  pot  1  in  1888,  with 
impure  and  non-sterilised  sand,  there  was  a  considerable  develop- 
ment of  nodules,  now  in  the  pure  and  sterilised  sand,  not  a  nodule 
was  observable. 

In  pot  2,  with  soil-extract,  one  plant  was  yery  much  larj^er  than 
the  other,  and  developed  very  much  more  root.  The  smaller  plant 
had,  however,  several  nodules  on  the  main  root,  near  the  surface  of 
the  soil,  and  a  good  many  small  ones  distributed  along  the  fibres. 
Most  of  the  nodules  were  more  or  less  shrivelled.  The  larger  plant 
had  a  large  cluster  of  nodules  on  the  main  root,  very  near  the  surface ; 
and  a  very  large  number  of  single  nodules,  mostly  small,  was  distri- 
buted on  the  root-fibres,  quite  to  the  bottom  of  the  pot.  Upon  the 
whole  those  on  the  larger  plaut  were  less  shrivelled. 

In  pot  3,  also  with  soil-extract,  the  main  roots  extended  to,  and 
along,  the  bottom  of  the  pot ;  throwing  off  many  side  branches,  with 
a  very  large  quantity  of  fine  fibrous  root.  The  greatest  distribution 
was,  however,  in  the  upper  few  inches  of  the  soil.  There  were  two 
clusterQ  of  nodules  on  one  of  the  plants,  and  three  on  the  other, 
besides  smaller  bunches.  A  large  number  of  mostly  single  small 
nodules  was  also  distributed  along  the  roots.  On  one  of  the  plants, 
the  largest  cluster  was  on  the  main  root,  and  on  the  other  the  clusters 
were  on  the  side  branches. 

In  pot  4,  with  the  garden  soil,  there  was  a  dense  mass  of  root-fibre 
throughout  the  first  6  inches  of  depth.  There  were  numerous 
nodules,  the  majority  single,  and  within  the  npper  2  or  3  inches  of 
soil.     There  were  also  a  few  small  bunches. 

Thus,  then,  the  limited  growth  in  pot  1,  without  soO-extract,  is 
coincident  with  the  entire  absence  of  nodule-formation ;  and  the  in- 
creased growth  in  pots  2  and  3,  with  soil -extract,  is  coincident  with  a 
very  g^eat  development  of  nodules.  In  pot  4,  with  garden  soil, 
itself  supplying  abundance  of  nitrogen,  there  was  also  a  considerable 
development  of  nodules,  but  distinctly  less  than  in  pots  2  and  3,  with 
soil  extract  only. 

The  vetches  were  taken  up  on  October  26.  They  had  been  photo- 
graphed on  August  3,  August  20,  September  27,  and  lastly  on 
October  25,  that  is,  the  day  befoi*e  taking  up ;  and  of  this  last  repre- 
sentation an  enlargement  was  exhibited. 

Here,  as  with  the  peas,  the  plants  in  pots  2  and  3,  with  soil- 
extract,  had  shown  more  growth  than  those  in  pot  1  without  it|  before 
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the  end  of  Jalj.  Again,  as  with  the  peas,  the  vetches  in  the  pare 
and  sterilised  sand  showed  extremely  limited  growth.  On  the  other 
hand,  those  in  pots  2  and  3,  with  the  soil-extract  grew,  as  shown  in 
the  photograph,  to  a  Terj  great  height ;  indeed,  higher  than  those  in 
pot  4  with  the  garden  soil. 

The  heights  of  the  plants  were — in  pot  1,  without  soil-extract, 
1 1^  and  10^  inches ;  in  pot  2,  with  soil-extract,  52^  and  67  inches ; 
in  pot  3,  also  with  soil -extract,  61^  and  51  inches  ;  and  in  pot  4,  with 
g'arden  soil,  only  53  and  36  inches. 

But,  as  in  the  case  of  the  peas,  whilst  the  plants  in  pot  4  with  the 
garden  soil  flowered  and  seeded,  those  in  pots  2  and  8,  with  the  soil- 
extract  only,  did  not,  hut  continued  to  extend  upwards  at  the  expense 
of  the  lower  parts  of  the  plant. 

There  was  much  less  development  of  root  in  pot  1,  without  soil- 
extract,  than  in  either  pots  2  or  3  with  it,  or  than  in  pot  4  with  the 
garden  soil.  The  main  roots  descended  to  the  hottom  of  the  pot,  and 
threw  out  a  numher  of  side  branches,  but  there  was  a  marked  defi- 
ciency of  root-fibre.     Not  a  single  nodule  was  found. 

In  pot  2,  with  soil-extract,  there  was,  as  shown  in  a  photography 
a  dense  mass  of  root  and  root-fibre,  which  distributed  throaghout  the 
whole  of  the  soil,  though  the  greatest  accumulation  was  within  the 
first  3  inches  of  depth.  There  were  numerous  nodules,  but  consider- 
ably less  in  quantity  than  on  the  corresponding  pea-plants.  They 
were  mostly  single,  the  greater  number  being  found  in  the  lower 
layers,  which  is  also  contrary  to  the  result  with  the  peas.  They.were, 
moreover,  generally  exceedingly  small. 

In  pot  3,  also  with  soil-extract,  there  was  also  an  immense  develop- 
ment of  root  and  root-fibre  through  the  whole  area  of  the  soil ;  the 
greatest  accumulation  being  in  the  upper  and  lower  portions  of  the 
pot,  with  less  in  the  middle.  There  were  many  nodules,  but  very 
small,  and  probably  fewer  than  on  the  roots  iu  pot  2.  All  the 
nodules  were  single,  and  fairly  distributed  over  the  whole  root  area. 

In  pot  4,  with  garden  soil,  there  was  a  moderate  amount  of  root 
and  of  root-fibre,  chiefly  within  .the  upper  6  inches  of  depth;  but 
there  was  altogether  very  much  less  of  root  de7elopment  than  in 
either  pots  2  or  3  with  the  soil-extract.  There  were  many  nodules, 
but  all  single,  and  very  small ;  and  they  appeared  to  be  flattened,  as 
if  exhausted  of  their  contents. 

Hero  again,  then,  as  with  the  peas,  the  very  restricted  growth  in 
pot  1,  without  soil -extract  seeding,  was  associated  with  very  limited 
root  development,  and  with  the  entire  absence  of  nodule-formation. 
On  the  other  hand,  the  very  greatly  extended  vegetative  growth  in  pots 
2  and  3,  with  soil-extract,  was  associated  with  an  immense  develop- 
ment of  root  and  root-fibre,  extending  throughout  the  pots,  and  with 
the  formation  of  numerous  nodules ;  which,  however,  were  generally 
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smaller,  more  distributed  over  the  whole  root  area,  and  less  accnmn- 
lated  near  the  surfaoe,  than  in  the  case  of  the  peas.  Lastly,  in  the 
garden  soil,  with  its  liberal  supply  of  combined  nitrogen,  there  was 
mnch  less  development  of  roots,  and  less  also  of  nodules,  than  in  the 
pots  with  soil -extract  only. 


Received  January  21. 

It  has  already  been  said  that  most  of  the  blue  lupins  failed ;  bat 
it  was  with  the  yellow  lupins  that  the  most  striking  results  were 
obtained. 

As  in  the  case  of  the  other  plants,  the  yellow  lupin  seeds  were  put 
in  on  July  10,  three  being  sown  in  each  pot.  There  were  some  re- 
sowings,  some  seeds  taken  out,  and,  eventually,  two  plants  were  left 
in  each  pot.  By  the  end  of  July  those  in  pots  2  and  3,  with  the  lupin- 
soil-extract  seeding,  already  showed  more  growth  than  those  in  pot  1 
without  it.  Photographs  were  taken  on  August  3,  August  20,  Sep- 
tember 27,  October  28,  and  November  29 ;  and  the  plants  were  cut  on 
December  7.  An  enlargement  of  the  photogpraph  taken  on  October  28 
was  exhibited;  and  the  later  representation,  that  of  November  29, 
was  thrown  on  the  screen. 

It  is  seen  that  the  plants  in  pot  1,  without  soil-extract  seeding, 
scarcely  appeared  over  the  rim  of  the  pot,  one  being  only  about  1^, 
and  the  other  about  2|-  inches  high.  In  pot  2,  with  Inpin-soil-extract 
seeding,  one  plant  was  about  2  feet,  and  the  other  more  than  1^  foot 
high ;  both  spreading  much  beyond  the  width  of  the  pot.  In  pot  3, 
also  with  lupin-soil-extract  seeding,  one  plant  was  more  than  2  feet, 
but  the  other  little  more  than  8  inches  high.  In  fact,  in  both  these 
pots  with  soil-extract  seeding  only,  the  plants  showed  considerably 
more  development  than  those  in  pot  4  in  the  lupin-soil  itself ;  one  of 
these  being  only  about  16,  and  the  other  about  18  inches  high,  and 
both  less  branching  than  those  in  pots  2  and  3. 

Unlike  the  peas  and  vetches,  the  yellow  lupins  with  soil-extract 
seeding  flowered  and  podded  freely.  One  plant  in  pot  2  had  nine 
small  pods ;  and  one  in  pot  3,  four  large  and  three  small  ones.  There 
were  also  in  pot  4,  with  lupin-soil,  on  one  plant  five  pods,  and  on  the 
other  six. 

Thus,  in  the  quartz-sand  with  lupin-soil-extract  seeding,  the  plants 
not  only  produced  a  great  deal  more  vegetable  matter  than  those  in 
the  lupin- sand  itself,  but  they  as  freely  flowered  and  seeded. 

Photographs  of  the  roots  of  the  plants  in  each  of  the  four  pots 
were  taken  ;  and  enlargements  of  those  in  pot  1  without  soil-extract 
seeding,  in  pot  3  with  soil-extract  seeding,  and  in  pot  4  with  the  lupin- 
soil  itself,  wei*e  exhibited. 
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In  pot  1,  without  soil- ex  tract,  and  very  restricted  above-gronnd 
growth,  there  was  coincidently  very  Kttle  root  development.  The 
main  roots  descended  far  down  the  deep  pot  almost  without  branching, 
but  at  the  bottom  a  number  of  branches,  and  a  mass  of  fibre  were 
produced.  The  root-fibres  were  fleshy  and  succulent.  No  root 
swellings  or  nodules  were  found. 

In  pot  2,  with  the  lupin-soil -extract  seeding,  there  was,  on  the 
other  hand,  a  very  great  development  of  root.  Branches  were  thrown 
out  throughout  the  whole  length ;  and  at  their  ends  masses  of  fleshy 
fibrils  were  formed,  which  were  thickly  coated  with  root-hairs.  On 
the  main  root  of  one  plaut,  3  inches  down,  there  was  a  large  swelling 
or  nodule  the  size  of  a  field  bean ;  4  inches  lower  there  were  three 
smaller  ones  on  a  side  bit^nch  ;  10  inches  down  there  were  three  as 
large  as  peas ;  and  lower  still  there  was  another  small  swelling,  more 
like  the  nodules  found  on  other  plants.  The  other  plant  had  less  root 
growth.  One  and  a  half  inch  down  there  was  a  swelling  the  size  of  a 
small  pea ;  and  4^  inches  lower  there  were  three  swellings,  one  as 
large  an  a  bean,  and  the  others  about  the  size  of  a  vetch  seed.  These 
swellings  on  the  lupin-roots,  which  were  all  on  the  main  roots  or 
thicker  branches,  are  very  different  in  appearance  from  the  nodules 
on  the  pea  and  vetch-roots.  They  are,  as  described,  swellings,  en- 
casing the  root  where  they  grow. 

In  pot  3,  also  with  tbe  soil-extract  seeding,  one  plaut,  as  an 
enlarged  photograph  shows,  developed  an  immense  amount  of 
branching  root,  with  a  great  deal  of  root-fibre,  which  extended 
throughout  the  whole  soil,  but  to  a  greater  degree  in  the  lower  than 
in  the  upper  half  of  the  pot.  The  main  root  was  woody  near  the 
top.  The  lower  root-fibres  were  fleshy,  and  thickly  coated  with  root- 
hairs.  There  were  several  swellings  or  nodules  on  the  main  root 
below  5  inches ;  and  lower  down,  on  a  root-branch,  there  were  several 
swellings ;  there  being  in  all  twelve  on  this  plant.  On  the  smaller 
and  more  meagrely  rooted  plant,  about  10  inches  down,  there  were 
also  two  bunches  of  small  nodules,  and  three  single  nodules ;  and  a 
little  lower,  on  a  side  branch,  another  small  nodule.  With  regard  to 
the  great  development  of  root-hairs  on  the  fine  fibrils  of  the  roots  in 
both  pots  2  and  3,  with  quartz  sand  and  soil-extract  seeding,  it  may 
be  supposed  that  this  was  an  effort  to  acquire  mineral  nutriment, 
in  quantity  commensurate  with  the  large  amount  of  nitrogen  fixed, 
and  available  to  the  plant. 

In  pot  4,  with  the  lupin-sand,  the  distribution  of  root  was  very 
different  from  that  in  pots  2  and  3,  with  the  soil-extract.  The  main 
root,  at  a  depth  of  2  inches,  threw  out  many  thread-like  branches,  at 
the  end  of  each  of  which  there  was  a  bundle  of  fine  fibre.  The 
lower  fibres  became  thicker,  and  were  white  and  fleshy ;  but  they 
were  without  the  marked  development  of  root-hairs  observed  in  such 
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abundance  in  pots  2  and  3.  Most  of  the  root  was  within  6  inches  of 
the  surface,  and  there  seemed  to  be  none  below  14  inches.  One  to 
two  inches  from  the  surface,  there  were  swellings  on  the  main  roots 
which  were  less  raised,  but  more  spreading,  than  those  on  the  roots  in 
pots  2  and  3.  There  were  also,  on  one  side  branch,  six  very  small 
nodules. 

To  sum  up  in  regard  to  the  yellow  lupins  :  Under  the  influence  of 
the  soil-extract  seeding,  the  above-gronnd  growth  was  not  onlj  Tery 
luxuriant,  but  the  plants  developed  great  maturing  tendency,  flower- 
ing and  seeding  freely.  The  development  of  the  roots  generally, 
and.  that  of  swellings  or  nodules  on  them,  were  also  very  marked  ; 
and  there  can  be  no  doubt  that  the  gain  of  nitrogen  will  be  found  to 
be  very  large.  In  pot  4,  with  the  lupin-sand  itself,  which  would 
supply  a  not  immaterial  amount  of  combined  nitrogen,  although  the 
growth  was  normal,  it  was,  both  above  ground  and  within  the  soil, 
very  much  less  than  in  the  pots  with  soil-extract  only ;  and  the  de- 
velopment of  nodules  was  also  less.  It  is  possible  that  the  less 
development  in  the  lupin-sand  itself,  than  in  the  quartz-sand  with 
soil-extract  only,  was  partly  due  to  the  much  less  porosity  of  the  lupin- 
soil,  especially  when  watered.  At  any  rate,  the  results  with  the  soil- 
extract  only  are  very  remarkable. 

As  the  main  growth  of  red  clover  is  in  the  second  year,  and  that  of 
lucerne  also  in  years  subsequent  to  the  first,  the  pots  of  these  plants 
are  left  for  further  growth  ;  so  that  there  is,  at  present,  but  little  of 
definite  result  available  in  regard  to  them.  There  are,  however,  some 
points  of  special  interest  to  notice. 

A  photograph  of  the  clover  plants  taken  on  September  28  was 
thrown  on  the  screen.  The  above-ground  growth  in  pot  1,  without 
soil-extract,  was  distinctly  more  than  in  either  pots  2  or  3  with  it ; 
and  it  is  judged  that  the  amount  of  growth  will  probably  prove  to  be 
greater  than  is  to  be  accounted  for  by  the  amount  of  nitrogen  sup- 
plied in  the  seed  sown.  As  the  soil-extract  seeding  in  pots  2  and  3 
seemed  to  be  without  effect,  a  second  amount  of  extract,  but  this  time 
from  garden  soil  where  clover  was  growing  well,  was,  on  September  4, 
applied  to  pot  2  ;  but  to  pot  3  there  was  added  instead  a  solution  of 
calcium  nitrate,  and  this  application  was  continued  up  to  December  6, 
when,  in  all,  0*23  gram  of  nitrogen  had  been  so  applied.  The  effect 
of  the  nitrate  was,  undoubtedly,  some  increased  growth,  but  especially 
an  increased  depth  of  green  colour.  It  remains  to  be  seen  what  will 
be  the  final  i*esuit. 

The  application  of  garden-soil-extraot  to  lucerne  also  appeared  to 
be  entirely  without  effect  up  to  the  beginning  of  September;  the 
plants  in  pot  1  without  soil-extract,  and  those  in  pots  2  and  3  with  it, 
showing  no  difference,  and  apparently  no  progress.  On  September  4, 
therefore,  pot  2  was  re-seeded  with  soiUextract,  this  time  from  a  soil 
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growing  lucerne ;  and,  at  the  same  time,  a  solution  of  calcium  nitrate 
was  added  to  pot  3,  and  the  application  was  continued,  as  in  the  case 
of  the  clover.  For  many  weeks  the  repeated  soil-extract  seeding  was 
without  any  apparent  efEect ;  but,  quite  recently,  there  has  been  a 
slighlly  increased  depth  of  colour,  and  perhaps  a  little  growth.  The 
application  of  nitrate  to  pot  3,  however,  showed  marked  effect  very 
soon  after  the  application  had  been  commenced ;  and,  as  the  repre- 
sentation of  the  growth  on  December  23  shows,  there  was  up  to 
that  time,  considerable  growth  under  the  influence  of  the  nitrate. 

The  darkening  of  the  colour  of  the  leaves  of  the  clover,  and  the 
increased 'growth  of  the  lucerne,  under  the  influence  of  the  nitrate,  in 
soil  otherwise  nitrogen-free,  is  of  interest.  Not  that  there  is  any 
want  of  abundant  evidence  showing  that  Leguminosaa  do  take  up 
nitrogen  largely  as  nitrate,  but,  in  view  of  the  new  results  under  the 
influence  of  micro-organism  seeding,  it  seems  to  be  assumed  by  some 
that  these  plants  probably  depend  for  their  nitrogen  exclusively  on 
such  agency. 

Before  concluding  in  regard  to  the  experimental  plants,  some 
reference  should  be  made  to  the  very  great  difference  in  the  external 
appearance  and  character  of  the  swellings,  or  nodules,  on  the  roots  of 
the  different  descriptions  of  plant,  and  even  on  those  of  the  same 
description.  In  the  course  of  the  examinations  this  was  so  marked, 
that  it  was  contemplated  to  take  photographs  illustrating  the  most 
characteristic  differences  ;  and,  as  it  was  found  that  the  roots  of  the 
experimental  plants,  which  had  to  be  preserved  for  analysis,  could 
not  without  risk  be  manipulated  as  required  for  the  purpose,  some 
plants  were  procured  from  the  garden  and  the  fields,  and  notes  of 
previous  observations  were  looked  up.  Presumably  owing  to  the  late 
period  of  the  season,  the  roots  so  obtained  were,  however,  not  suitable 
for  the  illustration  desired.  It  must  suffice,  therefore,  avoiding  any 
attempt  at  technical  description,  to  make  a  few  general  observations 
on  the  facts  at  command ;  and  to  say  that  wo  hope  to  follow  the 
subject  up  at  a  more  suitable  season  of  the  year,  and  then  to  be  able 
to  g^ve  some  account,  not  only  of  the  general  external,  but,  if  possi- 
ble, of  the  internal  charactei*s  of  the  different  bodies. 

It  should  be  stated  that,  so  far  as  the  nodules  on  the  roots  of  the 
bean  are  concerned,  a  full  technical  description,  both  of  their  external 
characters  and  internal  structure,  has  been  given  by  Professor 
Marshall  Ward  (*  Phil.  Trans.,'  B,  1887,  vol.  178,  p.  539,  et  seq,). 

Reference  to  the  descriptions  which  we  have  already  given  will 
show,  that  the  external  appearance,  and  distribution,  of  the  nodules 
was  very  different  on  the  roots  of  the  peas,  the  vetches,  and  the 
lupins.  In  the  case  of  the  peas  there  were  many  of  what  may  be 
called  agglomerations  of  nodules,  and  comparatively  few  single  ones 
distributed  on  the  root-fibres.      On  the  roots  of  the  vetches,  there 
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were  oompftratiTely  few  agglomeralionB  or  bunches,  and  more  single 
nodules,  pretty  widely  distribnted  along  the  root-fibres.  The  Inpin 
roots,  on  the  other  hand,  "showed  tnbercolar  deyelopments  very 
diitorent  from  those  on  either  the  pea  or  the  vetch  roots.  Indeed,  at 
the  period  of  examination,  that  is  when  the  plants  were  nearly  ripe, 
two  apparently  distinct  kinds  were  observed ;  one  of  which,  the  most 
prevalent,  we  have  spoken  of  as  '*  swellings,"  and  the  other  as 
*'  nodnles."  The  **  swellings  "  were  chiefly  on  the  main  roots  or  the 
thicker  branches ;  where  they  grew  they  encased  the  root  entirely, 
and  they  had  a  shining  and  presumably  impervious  skin.  The 
**  nodnleB,**  on  the  other  hand,  were  chiefly  single,  small,  and  dia- 
tribnted  on  the  root-fibres.  Assuming  that  the  so-called  "  swellings  " 
were  the  bodies  which,  with  their  contents,  had  exercised  the  func- 
tions of  the  ^  nodules  "  found  on  the  roots  of  the  other  plants,  it  is  to 
be  concluded  that,  after  the  very  luxuriant  g^wth,  and  the  flowering 
and  seeding,  their  function  was  so  far  at  an  end,  and  they  had 
become  suberised.  The  other  bodies  on  the  lupin  roots,  distinguished 
in  the  description  as  *'  nodules,"  indicated  too  meagre  development  to 
have  had  much  share  in  the  great  amount  of  assimilation  that  had 
been  accomplished.  On  the  other  hand,  the  "  swellings,"  as  has  been 
said,  were  all  on  the  main  roots  or  thicker  branches ;  whilst  it  is 
generally  stated  that  the  nodules  are  only  formed  on  the  young  and 
still  growing  roots.  If  these  "  swellings,"  which  were  certainly  very 
characteristic  of  the  roots  of  the  plants  which  attained  the  greatest 
growth,  were  really  the  effective  nodules,  it  must  be  supposed  that 
they  had  been  formed  where  they  were  found,  whilst  the  root  was 
still  young,  and  had  grown  with  its  growth.  In  favour  of  this  suppo- 
sition is  the  fact  that  the  increased  growth  from  the  soil-extract 
seeding  commenced  quite  early  in  the  life  of  the  plants. 

In  1887,  the  nodule  development  on  lucerne  roots  was  observed  at 
different  periods  of  the  season,  and  again  quite  recently,  on  plants 
taken  from  the  field  for  that  purpose.  The  nodules  on  the  roots  of 
lucerne  are  quite  different  in  general  external  character  from  those 
on  any  of  the  other  plants  that  have  been  examined  at  Bothamsted. 
Instead  of  being  more  or  less  rounded,  they  have  more  the  appear- 
ance of  shoots  or  buds,  much  longer  than  broad,  sometimes  single, 
but  m6re  often  divided,  or  branched ;  there  being  generally  two  or 
three,  and  sometimes  as  many  as  twenty,  or  even  many  more,  in  a 
bunch,  joined  at  the  base.  They  have  not  been  observed  on  the  main 
root,  but  only  on  the  root-fibres,  and  less  near  the  surface  than  within 
the  range  of  the  clay  subsoil.  In  some  cases  such  a  tuft  or  bunch 
will  be  at  *  the  end  of  a  fine  fibre  by  which  it  is  connected  with  the 
main  root.  As  the  season  advances  these  bodies  become  shrivelled, 
and  are  in  fact  empty  shells.  The  question  arises,  whether  in  the 
case  of  the  development  in  soil  or  subsoil  containing  oiganic  nitrogen. 
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the  lower  organisms  may  not  serve  the  higher,  in  part  at  least,  by 
taking  up,  either  directly  or  indirectly,  combined  nitrogen;  as,  for 
example,  fungi  take  up  organic  nitrogen  from  the  soil ;  or  as,  it  may 
be  assumed,  does  the  fungus  in  the  case  of  the  fungus -mantle 
observed  by*  Frank  on  the  roots  of  GupulifersB,  and  some  other 
plants  ? 

Among  the  Leguminosad  growing  in  the  mixed  herbage  of  grass 
land,  in  1868,  nodules  were  observed  on  tbe  root- fibres — of  Lathyr»i8 
pratenfis,  especially  near  the  surface  of  the  soil ;  on  the  ultimate 
root-fibres  of  Trifolitim  pratense,  and  on  the  smaller  rootlets  of 
Trifoliwn  repens. 

In  the  case  of  red  clover  growing  in  rotation  on  arable  land,  an 
abundance  of  nodules  has  been  found,  both  near  the  surface  and  at  a 
considerable  depth.  They  are  generally  more  or  less  globular  or  oval. 
Some  found  on  the  main  roots  are  more  like  **  swellings  "  than  attached 
tubercles,  not,  however,  encasing  the  root,  but  only  on  one  side.  .  The 
greater  number  are,  however,  small,  and  distributed  chiefly  on  the 
root-fibres.  Observations  are,  however,  needed,  as  to  any  difference 
in  character,  or  relative  prevalence,  at  different  periods  in  the  life  and 
growth  of  the  plant,  and  under  different  conditions  of  soil,  both  so  far 
as  mechanical  state  and  porosity,  and  richness  or  otherwise  in  avail- 
able supplies  of  combined  nitrogen,  are  concerned.  To  these  points 
we  hope  to  pay  some  attention. 

Referring  to  the  main  object  of  the  investigation,  it  will  be 
admitted  that  the  results  so  far  brought  forward  are  abundantly 
confirmatory  of  those  obtained  by  HellHegel,  and  that  the  fact  of  the 
fixation  of  free  nitrogen  in  the  growth  of  Legnminosie,  under  tbe 
influence  of  microbe  seeding  of  the  soil,  and  of  the  resulting  nodul& 
formation  on  the  roots,  may  be  considered  as  fully  established. 

It  appears  that,  almost  concurrently  with  the  experiments  made 
at  Rothamsted,  M.  Br^al,  of  the  Physiological  Laboratory  of  the 
Mus6um  d'Histoire  Naturelle,  of  Paris,  has  made  various  experiments 
on  lines  suggested  by  the  results  obtained  by  Hellriegel  and  Wilfarth. 
He  examined  the  contents  of  nodules  from  lucerne  roo!}8,  and 
observed  rounded  grains  and  bacteria-like  filaments.  He  determined 
the  nitrogen  in  the  root-tubercles  from  various  Papilionaceee,  and 
found  it  much  higher  in  them  than  in  the  stalks,  leaves,  or  roots. 
He  germinated  peas  in  a  nutritive  solution,  and  added  some  of  the 
matter  from  a  crushed  lucerne  root-tubercle.  The  pea  roots  became 
covered  with  tubercles,  and  eventually  the  nitrogen  in  the  plant  was 
about  double  that  in  the  seed  sown.  In  another  experiment  he 
germinated  two  lupin  seeds,  inoculated  one  of  them  from  a  living 
lucerne  root-tubercle,  and  planted  both  in  gravel  with  a  nutritive 
solution  free  from  nitrogen.  Eventually  the  roots  of  the  inoculated 
plant  were  covered  with   tubercles,  whilst  those  of  the  other  had 
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none.  The  inoculated  plant  also  contained  about  two  and  a  half 
times  as  mnch  nitrogen  as  the  seed,  whilst  withont  inoculation  there 
was  practically  no  gain.  This  experiment  has  been  repeated  by 
Hellriegel  with  very  striking  results,  as  one  of  us  had  the  oppor- 
tunity of  seeing  in  August  last.  In  another  experiment,  peas  were 
germinated  in  a  lucerne  soil,  transplanted  into  gravel,  and  nutritive 
solution  free  from  nitrogen  added,  wben  the  roots  became  covered 
with  tubercles,  and  the  nitrogen  assimilated  was  nearly  twenty-five 
fold  that  of  the  seed.  On  inoculating  the  germinated  roots  of 
haricots,  and  planting  them  in  sand,  they  grew  vigorously,  formed 
pods,  developed  many  tubercles  on  their  roots,  and  assimilated  nearly 
fifteen  times  as  much  nitrogen  as  the  seed  supplied.  Lastly,  he 
planted  a  fragment  of  lucerne  root  with  nodules  on  it,  in  a  sandy  soil, 
reserving  a  similar  fragment  for  analysis.  Several  cuttings  of 
lucerne  were  obtained;  and  when  taken  up  the  root  had  many 
nodules,  and  the  nitrogen  assimilated  was  more  than  eighty  times  as 
much  as  in  the  root  planted. 

As  to  the  importance  to  agriculture,  in  a  quantitative  sense,  of 
this  newly  established  source  of  nitrogen  to  the  LeguminoB»,  the 
evidence  at  present  at  command  is  insufficient  to  enable  us  to  form 
any  very  decided  opinion.  Both  agricultural  investigation  and  direct 
vegetation  experiment  have  clearly  shown  that  LegnminossB  do  take 
up  much  soil-nitrogen,  and,  at  any  rate  in  great  part,  as  nitrate.  But 
in  our  recent  paper  in  the  '  Philosophical  Transactions '  before  referred 
to,  we  showed  that,  in  some  special  cases,  there  was  no  evidence  to 
justify  the  conclusion  that  the  whole  of  the  nitrogen  had  been  so  de^ 
rived ;  and  it  was  admitted  that  some  other  explanation  of  the  large 
amounts  of  nitrogen  assimilated  was  needed.  It  is  not  improbable 
that,  in  those  cases,  the  agency  now  under  consideration  contributed 
to  the  result. 

Then,  as  to  the  growth  of  leguminous  crops  in  the  ordinary  course 
of  agriculture.  Hellriegel  agrees  with  us  that  they  do  utilise  soil- 
uitrogen,  and  he  thinks  probably  always  first ;  but  that  that  source 
is  supplemented  by  nitrogen  brought  into  combination  under  the 
influence  of  the  symbiotic  gi*owth  of  special  organisms  and  the  higher 
plant ;  and  he  supposes  that  the  proportion  of  the  total  nitrogen  assi- 
milated which  will  be  due  to  this  latter  source  will  be  greater  in  crops 
grown  in  soils  that  are  poor  than  in  those  which  are  rich  in  nitrogen. 
He  considers  it  probable,  however,  that  even  in  the  case  of  rich  soils 
there  will  be  always  more  or  less  gain  due  to  such  fixation.  The  pro- 
portion of  the  nitrogen  assimilated  which  will  be  gain  depends,  there- 
fore, on  complicated  conditions.  As  bearing  upon  this  subject  it  may 
be  stated  that,  in  experiments  with  beans,  Professor  Vines  found 
that  the  formation  of  tubercles  on  the  roots  was. very  much  reduced, 
if  not  indeed  only  accidental,  when  the  plant  was  liberally  supplied 
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with  nitrate.  Again,  certainly  the  evidence  of  the  experiments  which 
have  been  described,  so  far  as  it  goes,  seems  to  indicate  a  less  develop- 
ment of  nodules  when  the  soil  contained  an  abundance  of  combined 
nitrogen.  If  this  indication  should  be  confirmed,  and  the  inference 
be  generally  applicable,  it  would  be  concluded  that  the  agency  of  the 
symbiotic  growth  supposed,  in  fixing  free  nitrogen,  will,  other  things 
being  equal,  be  the  less  the  more  the  soil  itself  is  in  a  condition  to 
supply  an  abundance  of  combined  nitrogen ;  whilst  its  capability  in 
this  respect  will  depend  not  only  on  the  richness  in  combined  nitrogen 
of  the  soil  within  the  range  of  the  roots,  but  on  its  state  of  combina- 
tion, and  on  the  character  of  the  soil  as  to  porosity  and  aeration.  On 
the  other  hand,  the  development  of  the  supposed  nitrogen-fixing 
organisms  obviously  depends  on  the  infection  of  the  soil  with  the 
organism  essential  to  symbiotic  life  with  the  particular  leguminous 
crop  to  be  grown.  It  would  also  seem  that  it  is,  at  any  rate  in  some 
cases,  dependent  on  the  due  porosity  and  aeration  of  the  soil. 

Should  these  assumptions  be  borne  out  by  the  results  of  future  in- 
vestigation, we  may  conclude  that  the  proportions  in  which  any  par- 
ticular leguminous  crop  will  derive  its  nitrogen  from  soil-supplies  of 
combined  nitrogen  on  the  one  hand,  and  from  fixation  under  the 
influence  of  the  symbiotic  growth  on  the  other,  will  be  very  difEerent, 
according  to  the  characters  of  the  soil,  as  to  available  supply  of  com- 
bined nitrogen,  mechanical  condition,  and  due  infection.  We  should 
further  conclude  that,  in  such  cases  as  those  in  which  poor  sandy 
soils  will  not  grow  fair  crops  of  cereals,  but  will  nevertheless  yield 
enormous  crops  of  some  leguminous  plant — lapins,  for  example — the 
leguminous  crop  will  depend  for  a  large  proportion  of  its  nitrogen  on 
fixation,  under  the  influence  of  the  symbiotic  growth.  Again,  in  such 
cases  as  those  of  the  growth  of  lucerne  for  many  years  in  succession, 
as  in  some  Continental  countries,  it  may  be  supposed  that  such  fixa- 
tion would  be  the  source  of  a  considerable  proportion  of  the  very  large 
amounts  of  nitrogen  assimilated  over  a  given  area  under  such  condi- 
tions. 

In  the  case  of  beans,  there  is  evidence  that  there  is  nodule-formation 
when  the  plant  is  grown  under  ordinary  conditions,  in  the  garden  or 
in  the  field ;  it  has  also  been  seen  that  nodules  were  formed  on  the 
roots  of  the  peas  and  the  vetches  experimentally  grown  in  garden- 
soil  ;  and  the  inference  so  far  is,  that  wherever  there  is  such  formation, 
there  is  more  or  less  fixation. 

Then,  as  to  the  important  case  of  the  growth  of  red  clover  in  our 
rotations.  There  can  be  no  doubt  that  red  clover  does  avail  itself  of 
soil  supplies  of  combined  nitrogen.  On  the  other  hand,  the  so-called 
leguminous  nodules  have  frequently  been  observed  on  the  roots  of  red 
clover  growing  in  the  field.  Further,  although  HellriegeL  in  his 
earlier  experiments  did  not  get  definite  results  with  clover,  he  has 
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sabsequently  obtained  increased  growth  bj  seeding  with  extract  from 
both  a  loamy  hnmus-soil,  and  a  root-crop-soil ;  but  the  resalt  was  less 
marked  than  with  some  other  Legnminostt.  It  has  been  seen  that,  in 
the  first  year  of  the  experimental  growth  of  clover  at  Rothamsted,  no 
beneficial  effect  resalted  from  seeding  with  rich  garden -soil-extract. 
It  is  believed,  however,  that  the  growth  in  the  sterilised  sand  withont 
soil-extract  seeding  will  prove  to  be  greater  than  can  be  accounted  for 
by  the  supply  of  nitrogen  in  the  seed  sown.  If  this  should  turn  out 
to  be  the  case,  the  supposition  will  be  that  the  necessary  infection  has 
come  from  the  atmosphere.  In  reference  to  this  point  it  may  be  men- 
tioned that  the  glass-house  in  which  the  experiments  are  conducted 
stands  in  the  midst  of  allotment  gardens,  in  which  a  great  variety  of 
vegetables  is  growing,  whilst  Hellriegers  most  definite  result  with 
clover  was  obtained  by  seeding  with  an  extract  from  a  root-crop 
soil. 

Existing  evidence  is,  therefore,  in  favour  of  the  supposition  that 
red  clover  does  derive  some  of  its  nitrogen  from  fixation  under  the 
influence  of  proper  soil-infection,  and  the  resulting  symbiosis  of  the 
lower  and  the  higher  growth.  There  is,  however,  at  present  very 
little  definite  evidence  to  guide  us  in  judging  under  what  conditions, 
on  the  one  hand  soil  supplies  of  combined  nitrogen,  and,  on  the 
other  such  fixation,  will  contribute  more  or  less  of  the  total  nitrogen 
of  the  crop.  As  one  important  element  in  forming  a  judgment  on  the 
subject,  it  is,  as  already  said,  our  intention  to  study  the  conditions 
under  which  the  development  of  nodules  on  the  roots  of  growing 
clover  is  more  or  less  favoured. 

Upon  the  whole,  then,  the  evidence  at  command  points  to  the  con- 
clusion that,  in  the  case  of  most  if  not  all  of  our  leguminous  crops, 
a  greater  or  less  proportion  of  their  nitrogen  will  be  due  to  the 
fixation  supposed. 

Admitting  the  fact  of  such  fixation  to  be  fully  established,  the 
question  still  remains,  how  is  it  to  be  explained  P  Unfortunately, 
here  again,  as  in  the  matter  of  the  importance  to  agriculcure  in  a 
quantitative  sense,  of  this  source  of  nitrogen  to  our  crops,  there  is 
much  yet  to  learn  before  a  satisfactory  answer  can  be  given.  Hell* 
riegel  frankly  admits  that  a  satisfactory  explanation  is  still  want- 
ing ;  and  we  agree  with  him  that  we  must  know  more  of  the  nature 
and  mode  of  life  of  the  organisms  which,  in  symbiosis  with  the 
leguminous  plant,  bring  about  the  fixation  of  free  nitrogen,  before 
the  nature  of  the  action  can  be  understood.  As  to  the  mode  of  life 
of  these  bodies,  we  owe  much  to  the  investigations  of  Marshall  Ward, 
Prazmowski,  Beyerinck,  and  others ;  bnt  probably  none  will  more 
readily  admit  than  themselves,  that  the  facts  which  they  have  estab- 
lished so  far,  are  insufficient  to  afford  an  adequate  explanation  of 
the  phenomena  involved. 
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It  is,  it  seems  to  us,  a  point  of  importauce  that  it  should  be 
established,  as  it  appears  clearly  to  be,  that  in  the  development  of  the 
parasite  the  cortex  of  the  host  is  penetrated,  and  so  an  intimate  con- 
nexion between  the  two,  indeed  a  symbiosis,  is  set  up.  Then  there 
is  abundant  evidence  that  the  nodules  are  very  rich  in  nitrogen.  So 
far  as  the  facts  at  command  go,  it  would  seem  that  their  dry  sub- 
stance may  contain  a  higher  percentage  of  nitrogen  than  that  of  any 
other  part  of  the  still  growing  plant ;  and,  in  some  cases  at  any  rate, 
even  higher  than  in  that  of  the  highly  nitrogenous  leguminous  seed 
itself. 

Whence  comes  this  nitrogen  P  The  opinions  of  those  who  have 
specially  studied  the  histology  and  biology  of  tbe  subject,  do  not  seem 
to  be  very  clear  or  definite  in  reference  to  this  point.  According 
to  Praimowski,  as  quoted  by  Marshall  Ward,  the  bacteroids  ''can 
only  multiply  in  the  still  living  protoplasm.*'  Again,  under  the 
influence  of  the  fungus — "  the  young  tubercle  is  developed  in  the 
deeper  parts  of  the  cortex,  and  in  its  tissues  the  bacterium-like  con- 
tents of  the  fungus  become  distributed,  and  grow,  divide,  and  branch 
at  the  expense  of  the  protoplasmic  contents.  He  regarded  the  phe- 
nomenon as  one  of  symbiosis,  and  as  benefiting  the  host  as  well  as 
the  parasite."  And  again — "  The  tubercle-bacteria  penetrate  through 
young  (not  suberised)  cell  membranes  into  the  root-hairs  and  epi- 
dermis cells  of  the  root,  and  there  multiply  at  the  expense  of  the 
protoplasmic  cell-contents." 

Further,  ''  The  contents  of  the  bacteroid  cells  are  resorbed  as  the 
bacteroids  dissolve,  certain  substances  being  left  behind.  In  other 
words,  the  plant  utilises  the  substance  of  the  bacteria.  When 
emptying  begins,  and  with  what  energy  it  pi'oceeds,  depend  especially 
on  the  quantity  of  nitrogenous  compounds  at  the  disposal  of  the  roots. 
In  a  soil  rich  in  nitrogen  the  tubercles  go  on  developing  unhindered, 
become  large  and  typical,  and  rosy  inside,  and  are  not  exhausted  till 
late  ;  in  poorer  soils  they  attiain  no  great  size,  are  soon  emptied,  and 
are  green-grey  inside." 

Summarising  the  results  and  conclusions  of  Praimowski,  Marshall 
Ward  says — 

"  No  decision  is  arrived  at  as  to  whether  the  nitrogen  is  got  from 
nitrogen  compounds  or  from  the  free  nitrogen  of  the  air,  nor  as  to 
what  advantage  accrues  to  the  bacteria  and  the  host-plant  respec- 
tively."    And  again : — 

"  From  the  preceding,  we  see  that  the  tubercles  depend  on  a 
symbiosis  which  is  advantageous  to  both  the  plant  and  the  bacteria. 
The  latter  feed  on  the  sap  and  cell-contents,  and  multiply  through 
innumerable  generations,  and,  both  during  the  life  of  the  host  and 
afterwards,  become  redistributed  in  the  soil.  The  plant  derives 
advantage  in  that  it  obtains    nitrogen   by   means   of    the  bacteria. 
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Thongh  the  symbiosis  is  usefal  to  both,  the  plant  gains  most,  for 
it  is  the  more  powerfal,  and  sooner  or  later  overcomes  the  bacteria, 
to  the  multiplication  of  which  it  sets  limits  and  finally  absorbs  the 
substance  of  the  latter.  Being  the  stronger,  the  plant  directs  th.e 
symbiosis." 

If  we  understand  the  foregoing  statements  rightly,  it  is  assumed 
that  the  bacteria  acquire  their  nutriment,  including  their  nitrogen, 
from  the  protoplasmic  cell-con t^nt-s  of  the  higher  plant ;  and  that,  on 
the  other  hand,  the  contents  of  the  bacteroid  cells  are  resorbed.  ''  In 
other  words,  the  plant  utilises  the  substance  of  the  bacteria."  But  it 
is  obvious  that,  so  far  as  the  nitrogen  of  the  bacteria  is  derived  from 
the  plant  itself,  the  latter  is  not  a  gainer  in  a  quantitative  sense. 

It  is  further  assumed,  that  the  activity  of  the  process  depends — "  on 
the  quantity  of  nitrogenous  compounds  at  the  disposal  of  the  roots. 
In  a  soil  rich  in  nitrogen  the  tubercles  go  on  developing  nnhindered, 
become  large  and  typical,  ....  in  poorer  soils  they  attain  no 
great  size,  &c.'*  Here,  then,  combined  nitrogen  in  the  soil  is  sup- 
posed to  be  the  source  of  the  nitrogen  of  the  bacteria,  and  that  they 
develop  the  more,  the  greater  the  supply  of  it.  Undoubtedly,  however, 
the  nodules  may  develop  very  plentifully  in  a  nitrogen-free  soil,  and 
there  may  be  great  gain  of  nitrogen,  if  only  the  soil  be  suitably 
infected.  Indeed,  the  tendency  of  the  evidence  so  far  at  command 
seems  to  show,  that  both  the  development  of  the  nodules,  and  the  gain 
of  nitrogen,  may  be  the  greater  in  the  poorer,  but  properly  infected 
soil.  Further,  so  far  as  the  combined  nitrogen  of  the  soil  is  the 
source  of  the  nitrogen  there  is  no  gain  of  it. 

Marshall  Ward  says,  however,  that  no  decision  is  arrived  at  as  to 
whether  the  nitrogen  is  got  from  nitrogen  compounds  or  from  the 
free  nitrogen  of  the  air,  nor  as  to  what  advantage  accrues  to  the 
ba<;teria  and  the  host-plant  respectively.  But  he  adds  that  the 
symbiosis  is  advantageous  to  both  the  plant  and  the  bacteria ;  the 
latter  feeding  on  the  sap  and  the  cell- contents,  whilst  the  plant  obtains 
niti*ogen  by  means  of  the  bacteria. 

It  is  obvious,  however,  that  if  the  nitrogen  of  the  bacteria  is 
derived  from  the  plant  itself,  it  will  be  quantitatively  no  gainer  by 
resorbing  it.  Nor  would  there  be  any  such  actual  gain  of  nitrogen 
as  thei*e  undoubtedly  is,  if  the  source  of  the  nitrogen,  either  of  the 
parasite  or  of  the  host,  were  essentially  the  supplies  of  combined 
nitrogen  within  the  soil. 

The  most  probable  alternatives  seem  to  be — 1.  That,  somehow  or 
other,  the  plant  itself  is  enabled,  under  the  conditions  of  the  symbiotic 
life,  to  fix  the  free  nitrogen  of  the  atmosphere  by  its  leaves ;  a  sup- 
position in  favour  of  which  there  seems  no  evidence  whatever.  2.  That 
the  parasite  utilises  and  fixes  the  free  nitrogen,  and  that  the  nitroge- 
nous compounds  formed  are  taken  up  by  the  host.    On  such  a  supposi- 
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tion,  the  actually  ascertained  large  gain  of  nitrogen  by  the  leguminous 
plant  growing  in  a  nitrogen- free,  but  properly  infected,  soil  becomes 
intelligible.  It  is  admitted,  however,  that  further  investigation  of 
the  mode  of  life  of  the  parasite,  especially  having  regard  to  its  sur- 
rounding media,  is  needed. 

It  seems  to  us  that  there  is  nothing  in  the  evidence  pointing  to  the 
conclusion  that  the  fixation  is  effected  by  the  lower  organisms  within 
the  soil  independently  of  the  symbiotic  life.  We  do  not  here  enter 
into  the  question,  so  much  discussed  oi  late,  as  to  whether  or  not  there 
is  fixation  within  the  soil  under  the  influence  of  other  low  organisms, 
independently  of  the  associated  growth  of  a  higher  plant. 

In  our  recent  paper  in  the  *  Philosophical  Transactions,'  before 
referred  to,  we  said  that  whilst  experience,  whether  practical  or 
experimental,  did  not  point  to  an  unsolved  problem  in  the  matter  of 
the  sources  of  the  nitrogen  of  the  agricultural  plants  of  other  families, 
it  was  far  otherwise  so  far  as  those  of  the  PapilionacesB  were  con« 
cerned.  Further,  that  since  the  question  of  the  sources  of  the  nitrogen 
of  the  Leguminos8B  had  been  the  subject  of  experiment  and  of  con- 
troversy for  about  half  a  century,  and  it  was  admitted  that  all  the 
evidence  that  had  been  acquired  on  lines  of  inquiry  previously  fol- 
lowed had  failed  to  solve  the  problem  conclusively,  it  should  not 
excite  surprise  that  new  light  should  come  from  a  new  line  of 
inquiry;  and,  that  hence  should  be  recognised  the  importance  of  the 
cumulative  e7idence  of  the  last  few  years,  of  which  that  furnished  by 
the  experiments  of  Hellriegel  and  Wilfarth  was  certainly  the  most 
definite  and  the  most  striking,  pointing  to  the  conclusion  that  although 
chlorophyllons  plants  might  not  directly  utilise  the  free  nitrogen  of 
the  air,  some  of  them,  at  any  rate,  may  acquire  nitrogen  brought  into 
combination  under  the  influence  of  lower  organisms,  the  development 
of  which  was,  apparently,  in  some  cases  a  coincident  of  the  growth 
of  the  higher  plant  whose  nutrition  they  were  to  serve.  It  was 
added,  tlfat  as  such  a  conclusion  was  of  fundamental  and  far- 
reaching  importance,  it  was  desirable  it  should  be  confirmed  by  in- 
dependent investigation. 

The  results  even  so  far  obtained,  and  recorded  in  this  paper,  can 
leave  no  doubt  that  this  important  conclusion  is  confirmed,  so  far 
as  a  number  of  agricultural  plants  of  the  leguminous  family  are 
concerned.  The  question  suggests  itself,  whether  such,  or  allied 
a:^ency,  comes  into  play  in  the  nitrogen  assimilation  of  leguminous 
plants  generally,  or  of  that  of  other  than  the  agricultural  representa- 
tives of  the  non-leguminous  families  to  which  we  owe  such  plants, 
or  of  those  of  the  numerous  and  varied  other  families  of  the  vegetable 
kingdom. 

It  is  true  that  the  families  which  contribute  staple  agricultural 
plants  are  but  few,  and  that  che  agricultural  representatives  of  those 
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families  are  also  comparatively  few.  The  families  so  con tribn ting 
are,  however,  among  the  most  important  and  widely  distributed  in 
the  vegetable  kingdom;  as  also  are  some  of  the  plants  they  con- 
tribate.  As  prominent  examples  may  be  mentioned,  the  OramineWj 
affording  the  cereal  grains,  a  large  proportion  of  the  mixed  herbage 
of  grass-land,  and  other  products;  also  the  LegunUfiosoBj  yielding 
pulse  crops,  many  useful  herbage  plants,  and  numerous  other  pro- 
ducts. As  we  have  said,  there  does  not  seem  to  be  an  unsolved 
pioblem  as  to  the  sources  of  the  nitrogen  of  other  of  our  agricultural 
plants  than  those  of  the  leguminous  family.  Obviously,  however,  it 
would  be  unsafe  to  generalise  in  regard  to  individual  families  as  a 
whole,  from  results  relating  to  a  limited  number  of  examples  sup- 
plied by  their  agricultural  representatives  alone.  Still,  there  is 
nothing  in  the  evidence  at  present  at  command,  to  point  to  the 
supposition  that  there  is  any  fundamental  difference  in  the  source 
of  the  nitrogen  of  diffet*ent  members  of  the  same  family,  such  as  is 
clearly  indicated  between  the  representatives  of  the  leguminous,  and 
of  the  other  families,  supplying  staple  agricultural  products.  On  the 
other  hand,  existing  evidence  does  not  afford  any  means  of  judging 
whether  or  not  similar,  or  allied  agencies  to  those  now  under  con- 
sideration, or  even  quite  different  ones,  may  come  into  play  in  the 
nitrogen  assimilation  of  the  members  of  other  families  which  con- 
tribute such  a  vast  variety  of  vegetation  to  the  earth's  surface. 

We  have  pleasure  in  stating  that  the  conduct  of  the  investigation 
has  largely  devolved  upon  Dr.  N.  H.  J.  Miller.  He  has  been  almost 
wholly  responsible  for  the  analytical  work,  as  well  as  for  the  photo- 
graphing, by  which  a  permanent  recoi'd,  not  only  of  the  above- 
ground  growth,  but  of  the  rooi'-development  of  the  experimental 
plants  has  been  secured.  It  should  be  added,  that  Mr.  J.  J.  Willis 
has  materially  assisted  in  the  observation  and  noting  on  growth ;  also 
in  the  separation  of  the  roots,  mounting  them  for  observation  and 
for  photographing,  and  in  noting  upon  them. 
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THE   FOOD   OF   OUR  AGRICULTURAL 

CROPS. 

If  a  person  were  asked  what  events  had  produced  the  greatest 
influence  upon  agriculture  in  Great  Britain  during  the  last 
half-century,  he  would,  undoubtedly,  say  the  establishment  of  the 
Koyal  Agricultural  Society  of  England,  and  the  publication  of 
Baron  Liebig's  work  upon  agricultural  chemistry.  It  is  some- 
what remarkable  that  these  two  events  took  place  almost  con- 
temporaneously, the  Royal  Agricultural  Society  having  been 
founded  in  1838,  and  Baron  Liebig's  work  published  in  1840. 

The  first  number  of  the  Journal  of  the  Society,  which  was 
issued  in  April  1839,  contains  an  article  "  Upon  the  Present 
State  of  Agriculture  as  a  Science  in  England,"  by  the  late  Philip 
Pusey ;  and  we  may  feel  tolerably  sure  that  this  acute  observer 
knew  everything  that  was  to  be  known  in  England  on  this  sub- 
ject. In  speaking  of  bones  as  a  manure,  he  says  that  farmers 
complain  of  the  bones  supplied  to  them  having'^pen  previously 
boiled,  and,  consequently,  that  they  have  been  fraudulently 
deprived  of  the  oil  they  contained;  with  regard  to  which,  Mr. 
Pusey  suggests,  with  his  usual  sa^city,  that  the  manuring 
properties  of  the  bones  are  probably  increased  rather  than 
diminished  by  the  loss  of  the  oil.  Neither  in  Mr.  Pusey's 
article,  nor  in  an  article  by  the  Rev.  W.  L.  Rham,  "  On  the 
Analysis  of  Soils,**  published  in  the  same  Journal,  and  for  which 
the  author  was  awarded  a  prize  of  202.,  do  the  terms  phosphate, 
potash,  nitrogen,  ammonia,  or  nitric  acid  occur.  These  and  a 
great  number  of  similar  terms  which  represent  substances  of 
the  highest  importance  to  agriculture,  and  which,  to  the  farmers 
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of  the  present  day,  have  become  "household  words,"  formed 
BO  part  of  the  science  of  agriculture  at  the  time  Mr.  Pusey 
wrote. 

In  accordance  with  the  view  generally  entertained,  Mr.  Hhaxn 
considered  that  the  vegetable  matter  of  the  soil  known  by  the 
name  of  humus  was  the  source  of  its  fertility.  He  says  that 
real  humus  is  a  very  complex  substance,  and  suggests  that  our 
greatest  chemists  should  make  investigations  into  its  nature. 
It  was  an  immense  step  in  advance  when  Boussingault,  who 
was  a  most  accurate  chemist  as  well  as  a  practical  farmer,  pub- 
lifthed  analyses  of  the  various  crops  grown  upon  his  farm,  and 
discussed  the  question  of  the  fertility  and  exhaustion  of  the  soil 
in  connection  with  the  export  and  restoration  of  deJSnite  chemical 
compounds.  Having  a  considerable  area  of  irrigated  meadows 
attached  to  his  farm,  he  considered  that  the  hay  grown  on  these 
meadows  was  suflScient  to  restore  the  ingredients  exported  from 
his  arable  land  in  com  and  animal  products,  and  his  employ- 
ment of  what  we  now  call  artificial  manures  was  confined  to  the 
application  of  gypsum  to  clover. 

After  the  publication  of  Liebig's  work,  an  immense  number 
of  experiments  with  artificial  manures  were  carried  out  in  this 
country.  While  some  people  recommended  that  the  exact  pro- 
portion of  each  ingredient  exported  from  the  farm  in  the  produce 
should  be  returned  in  the  artificial  manure,  others  argued  that 
only  those  substances  should  be  returned  which  analysis  of  the 
soil  proved  to  be  wanting.  The  great  battle,  however,  was  over 
the  employment  of  nitrogen.  Being  the  most  costly  ingredient 
in  an  artificial  manure,  the  necessity  for  its  use  became  a  question 
of  great  agricultural  importance.  Some  contended  that,  pro- 
vided the  land  was  furnished  with  the  necessary  mineral  ingre- 
dients, the  plant  could  obtain  all  the  nitrogen  it  required  from 
the  atmosphere ;  while  others  asserted  that  no  amount  of  mineral 
food  would  prevent  the  yield  from  declining  unless  nitrogen  in 
some  form  was  used  with  the  minerals.  In  an  article  published 
in  the  Society's  Journal,  Mr.  Pusey  summed  up  the  conclusions 
derived  from  innumerable  experiments  in  the  following  remark: 
"  Ammonia  for  com,  phosphorus  for  roots,"  which,  although  not 
representing  any  scientific  law,  furnished  in  the  simplest  and 
plainest  language  a  most  valuable  practical  rule  for  farmers. 

So  little  was  known  regarding  the  relation  to  the  soil  of  some 
of  the  most  important  ingredients  of  growth,  that,  at  the  sugges- 
tion of  an  eminent  chemist,  a  patent  was  taken  out  for  fusing 
phosphate  of  lime  and  potash  with  other  substances  into  a  glass, 
to  prevent  them  from  being  washed  out  of  the  soil ;  while  at 
the  same  time  some  one  else  was  bringing  chemical  action  to 
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bear  upon  phosphates  to  increase  their  solubility.  By  degrees 
it  became  Imown  that  the  three  most  important  foods  of  plants — 
phosphoric  acid,  potash,  and  nitrogen — exist  in  the  soil  in  a  very 
insolable  form,  and  that  by  the,  action  of  the  roots  of  plants  the 
two  former  substances  are  dissolved,  and  taken  up  as  food; 
while  organic  nitrogen,  called  humus  by  the  older  chemists,  is 
the  source  of  the  nitric  acid  found  in  the  water  of  the  soil ;  and 
that,  until  the  nitrogenous  compound  of  the  humus  has  become 
nitrified,  it  possesses  comparatively  small  manuring  properties. 
When  it  was  found  that  the  drainage-water  taken  from  the  soil 
when  the  crop  is  in  the  full  vigour  of  its  growth  contains  no 
nitric  acid,  while  at  all  other  times  it  does  contain  it  in  more  or 
less  quantities,  there  could  no  longer  be  any  doubt  that  nitric 
acid  is  the  chief  source  of  the  nitrogen  in  some  of  our  crops, 
and  that  the  necessity  for  the  application  of  nitrogen  in  a 
manure  depends  upon  the  capability  of  the  soil  to  liberate  a 
BuflBcient  amount  of  nitric  acid  to  supply  the  wants  of  the  crop. 
It  is  evident  that  nitric  acid  and  its  salts,  such  as  the  nitrates 
of  soda,  potash,  and  lime,  being  very  soluble  in  water,  and 
forming  no  fixed  compounds  with  the  soil,  like  phosphoric  acid 
or  potash,  cannot  accumulate ;  what  is  not  taken  up  by  the 
crops  is  more  or  less  completely  washed  out  during  the  winter. 
Each  year,  therefore,  fresh  quantities  of  nitric  acid  are  formed, 
partly  from  the  org;anic  matter  existing  in  the  soil  and  partly 
trora  that  supplied  in  the  ordinary  manures  of  the  farm.  The 
quantity  available  for  the  crop  varies  every  year.  For  instance, 
after  a  very  wet  winter  and  spring  a  wheat  crop  may  find 
very  little  left  for  its  use  when  its  active  growth  takes  place 
in  the  spring,  and  must  depend  upon  the  amount  liberated 
in  the  soil  during  its  growth,  or  upon  a  direct  application  of 
nitrates. 

The  immense  importance  of  dry  weather  in  preventing  the 
loss  of  nitric  acid  is  well  illustrated  by  the  season  of  1853-54. 
The  wheat  crop  of  1854  was  one  of  the  typical  great  crops 
of  the  present  century,  the  yield  being  very  large  upon  all 
sorts  of  land,  from  the  lightest  to  the  heaviest;  and  yet,  if 
we  were  to  judge  by  the  climate  of  the  summer  months,  which 
are  supposed  to  decide  the  yield  of  wheat,  we  should  have  ex- 
pected that  the  crop  would  be  below  the  average.  May  was 
cold  and  wet,  June  cold  and  sunless,  July  had  not  ond  day  of 
summer  heat,  and  the  harvest  was  ten  days  or  a  fortnight  later 
than  usual.  But  now  let  us  turn  to  the  winter  months  of  the 
same  season.  Prom  seed-time  to  the  end  of  April  we  find  a 
great  deficiency  of  rain,  only  half  the  average  amount  having 
fallen.     In  May  there  was  a  great  excess  of  rain,  which  came 

A   2 


4  Hie  Food  of  our  Agricultural  Crops, 

just  when  it  was  wanted,  and  was  followed  by  less  than  the 
average  rainfall  daring  the  next  three  months.  This  nnnsaally 
large  crop  of  wheat,  grown  under  adverse  snromer  conditions, 
can  therefore  only  be  accounted  for  by  the  fact  that  the  lai^ 
amount  of  nitric  acid  which  was  formed  in  the  soil,  and  had  ac- 
cumulated there  owing  to  the  extremely  dry  weather  prevailing 
from  seed-time  to  harvest,  was  available  for  the  use  of  the  crop 
in  the  most  important  period  of  its  growth.  A  great  increase 
in  the  available  nitric  acid  in  the  soil  was  evidently  the  cause, 
in  the  same  ye&r,  of  the  exceedingly  large  yield  of  wheat 
(amounting  to  21  bushels  per  acre)  on  our  permanently  an- 
manured  land ;  for  we  know  that  at  any  time,  by  the  applica- 
tion of  nitrate  of  soda,  the  crops  on  this  land  can  be  increased 
by  several  bushels  per  acre. 

The  use  of  phosphates  for  root  crops  has  sometimes  led  to 
the  idea  that  these  crops  and  the  cereal  crops  do  not  obtain 
their  nitrogen  firom  the  same  source,  and  that  the  former  are 
less  dependent  upon  a  supply  of  nitric  acid  in  the  soil.  It  is 
quite  true  that  full  agricultural  crops  of  roots  are  frequently 
grown  by  the  use  of  a  manure  which  contains  a  soluble  phosphate, 
and  no  nitrogen ;  but  in  these  cases  the  soil  must  be  equal  to 
furnishing  the  amount  of  nitric  acid  required  by  the  crc^.  It 
is  known  that  the  formation  of  nitric  acid  in  the  soil  is  much 
more  rapid  in  the  summer  and  autumn  than  at  other  times,  and 
that  constant  stirring  the  soil  so  as  to  expose  fresh  sur&oes  to 
the  air  increases  this  formation.  Root  crops,  banning  their 
active  growth  at  the  time  when  cereals  are  ripening,  can  obtain 
from  the  soil  large  quantities  of  nitric  acid  which  were  not 
available  for  the  com  crops ;  the  great  exhaustion  of  the  soil 
which  follows  the  removal  of  a  large  root  crop  also  proving  that 
it  obtains  its  nitrogen  from  the  same  source  as  the  cereals.  It 
is  somewhat  remarkable  that  maize,  which  is  so  largely  grown 
in  the  United  States,  is  said  to  be  mostly  benefited  by  the  appli- 
cation of  mineral  manures,  and  to  derive  its  nitrc^n  from  the 
atmosphere,  and  not  from  the  soil.  Owing  to  the  growth  of 
maize  taking  place  during  the  summer  and  autumn,  it  would, 
like  our  root  crops,  be  less  dependent  upon  a  direct  supply  of 
nitrogen  in  manures ;  but,  at  the  same  time,  it  is  reasonable  to 
suppose  that  the  source  of  the  nitrogen  in  maize  is  the  same  as 
that  of  other  cereal  crops.  So  far  as  our  crops  are  concerned, 
the  evidence  at  our  command  points  to  the  ooncluaion  that  our 
cereal  crops,  pasture-grasses,  and  various  root  crops,  depend  for 
their  supply  of  nitrogen  almost  entirely  upon  the  nitric  acid  in 
the  soil. 

There  is  a  very  important  class  of  plants,  included  under  the 
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general  term  "  leguminous,"  which  we  find  in  more  or  less 
abundance  in  our  permanent  pastures,  and  which  form  part  of 
our  rotations.  Some  of  these  are  annuals,  some  bi-annuals, 
some  perennials ;  some  are  grown  for  their  seeds,  some  .  for 
fodder ;  but,  for  whatever  purpose  they  are  grown,  these  plants 
possess  properties  which  distinguish  them  from  all  others  grown 
in  rotation.  In  their  stems,  leaves,  and  seeds,  they  contain 
larger  amounts  of  nitrogen  than  the  other  crops,  while  at  the 
same  time  they  do  not  respond  to  an  application  of  nitrogen  in 
manure,  as  do  the  other  crops  in  a  rotation.  It  is  true,  I  have 
said,  that  under  ordinary  conditions  of  farming  root  crops  can 
be  grown  without  a  direct  application  of  nitrogen ;  but  if  we 
reduce  the  condition  of  the  land  by  the  removal  of  one  or  two  of 
these,  it  will  be  seen  that  it  is  impossible  to  grow  another 
heavy  crop  of  roots  without  a  very  liberal  supply  of  nitrogenous 
manure.  No  such  result  follows  the  application  of  nitrogen  to 
a  leguminous  crop.  If  we  apply  a  dressing  of  nitrate  of  soda  to 
a  mixed  crop  of  rye-grass  and  clover,  we  can  increase  the  rye- 
grass to  almost  any  extent,  but  not  the  clover.  There  is  no 
difficulty  in  growing  full  crops  of  grain  or  roots  year  after  year 
apon  the  same  soil,  provided  we  use  appropriate  and  sufficient 
manures ;  but  no  combination  of  manures  has  enabled  us  to 
grow  continuous  crops  of  red  clover  upon  the  same  arable  land ; 
nor  have  our  attempts  to  grow  continuous  bean  crops  been 
much  more  successful.  So  uncertain,  indeed,  has  been  the 
effect  obtained  by  the  application  of  various  artificial  manures 
to  this  class  of  crops,  that  farmers  have  generally  come  to  the 
conclusion  not  to  manure  them,  but  to  reserve  the  application 
of  manures  to  those  crops  which  can  be  depended  upon  to  pro- 
duce a  profitable  return. 

Although  the  source  of  the  nitrogen  in  leguminous  plants 
has  been  the  subject  of  scientific  inquiries  since  the  beginning 
of  the  present  century,  it  is  only  since  the  various  substances 
which  constitute  the  lood  of  plants  have  been  produced  in  a 
separate  form  as  chemical  salts,  and  have  been  applied  sepa- 
rately or  combined  to  the  various  crops  grown  in  rotation,  that 
the  distinctive  character  of  the  leguminous  crops  in  regard  to 
the  eflect  of  nitrogenous  manures  has  been  clearly  brought 
out.  There  is  no  doubt  that  the  great  influence  of  such  a  sub- 
stance as  nitrate  of  soda  upon  com  crops  and  roots,  and  its  want 
of  effect  upon  leguminous  crops,  has  led  to  the  conclusion  that 
the  latter  plants  obtain  their  nitrogen  from  the  atmosphere. 
Experiments  carried  out  with  the  utmost  care  upon  leguminous 
plants  provided  with  abundance  of  mineral  food  only,  and  with 
air  from  which  every  compound  of  nitrogen  had  been  extracted, 
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established  tHe  fact  that,  nnder  these  conditioiis,  no  increase  of 
nitrogen  in  the  plants  takes  place. 

In  Germany,  in  1883,  Hellriegel  commenced  some  experi- 
ments with  various  plants  in  pots :  he  used  washed  sand  with 
mineral  manures,  adding  to  some,  but  not  to  all,  combined 
nitrogen,  generally  as  a  nitrate,  and  found  that,  with  most  of  the 
plants,  the  increase  of  growth  was  in  proportion  to  the  amount  of 
nitric  acid  supplied,  but  that  the  leguminous  plants  did  not 
derive  the  same  benefit  &om  the  nitrogenous  manures  as  did  the 
others.  He  then  applied  to  his  plants  an  extract  from  a  fertile 
soil,  and  found  that  some  of  the.  leguminous  plants,  but  not  all 
of  them,  grew  luxuriantly  under  this  treatment:  lupins,  for 
instance,  would  not  grow  with  the  soil-extract.  He  then  took 
an  extract  from  a  soil  where  they  were  growing  luxuriantly,  and 
obtained  good  growth.  Again,  if  he  sterilised  the  soil-extract 
so  as  to  destroy  the  organisms  in  it,  it  ceased  to  be  beneficial. 
Hellriegel  found  that  the  plants  contained  much  larger  quanti- 
ties of  nitrogen  than  there  were  in  the  soil-extract,  while  the 
amount  in  the  plants  was  much  too  great  to  be  attributed  to 
errors  of  analysis.  These  experiments  were  so  interesting  and 
important  that  we  considered  it  desirable  to  carry  out  some 
of  a  similar  character,  and  this  we  have  been  doing  for  the  last 
two  years,  confirming  in  every  respect  the  results  obtained  by 
Hellriegel. 

It  appears  probable  that  although  the  leguminous  plants 
do  not  directly  utilise  the  free  nitrogen  of  the  atmosphere,  they 
do  in  some  way  obtain  nitrogen  from  it  through  the  medium  of 
lower  organisms,  the  development  of  which  is,  somehow,  con- 
nected with  the  growth  of  the  leguminous  plants.  The  question 
which  I  now  propose  to  consider  is  the  bearing  which  these  ex- 
periments have  upon  practical  agriculture.  Are  we  to  suppose 
that  the  large  quantity  of  nitrogen  which  these  plants  are  known 
to  contain  has  its  origin  in  the  atmosphere,  and  not  in  the  soil  ? 
This  is  a  very  important  question,  as  the  opinion  has  already 
been  expressed  that  we  need  not  trouble  ourselves  about  the 
source  of  the  nitrogen  in  our  leguminous  crops,  as  it  all  comes 
from  the  atmosphere.  Granting  that  the  experiments  recorded 
are  perfectly  trustworthy  and  correct — that,  in  the  absence  of 
nitrogen  in  the  sand  in  which  the  seed  is  sown,  and  with  a  very 
minute  amount  of  nitrogen  supplied  in  the  extract  from  a 
fertile  soil,  a  gain  of  nitrogen  in  the  plant  takes  place,  we  have 
still  to  inquire  whether  the  same  process  goes  on  in  an  ordinary 
agricultui^  soil  which  contains  nitrogen  in  more  or  less  abun- 
dance. 

In  1860,  we  published  in  the  Society's  Journal  some  experi- 
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ments  upon  the  growth  of  red  clover,  the  result  of  which  showed 
that  under  no  conditions  of  manuring  could  we  continue  year  after 
year  to  grow  this  crop  upon  the  same  arable  soil.  A  few  years 
before  this  we  had  sown  some  red  clover  upon  a  piece  of  ground 
which  had  been  used  as  a  kitchen-garden  for  several  centuries, 
and  had,  most  probably,  never  before  grown  red  clover.  The 
first  crops  were  exceedingly  large,  and  the  seed  sown  in  1854 
did  not  require  to  be  re-sown  until  1860  ;  and  even  now,  at  the 
end  of  thirty-six  years,  although  the  seed  generally  requires  to  be 
re-sown  every  two  or  three  years,  and  the  crops  have  become  much 
smaller  than  they  were  at  first,  still  they  are  quite  as  good  as 
the  ordinary  farm  crops,  and  the  average  yield  over  the  whole 
period  we  estimate  to  have  been  nearly  8  tons  of  hay  per  acre 
per  annum,  and  the  amount  of  nitrogen  carried  off  in  the  hay 
to  have  been  163  lb.  per  acre  per  annum.  Samples  of  the  soil 
were  taken  in  1857,  and  again  in  1879 — comprising  twenty-one 
years  of  growth.  The  loss  of  nitrogen  in  the  first  nine  inches 
was  estimated  at  2,732  lb.  per  acre ;  this  was  less  by  one-fourth 
than  the  quantity  removed  by  the  clover  during  that  period. 
Unfortunately,  in  1857  we  did  not  take  samples  of  the  soil 
below  the  first  nine  inches ;  we  are,  therefore,  unable  to  measure 
the  loss  which  has  taken  place  in  the  soil  below  this  depth.  As 
however,  the  subsoil  is  very  rich  in  nitrogen,  and  the  roots  of 
clover  are  known  to  penetrate  deeply  into  it,  there  can  be  very 
little  doubt  that  the  crop  has  taken  nitrogen  from  this  source, 
or  that  the  soil  is  the  real  source  of  all  the  nitrogen  removed  in 
the  crops.  Notwithstanding  the  very  large  removal  of  nitrogen 
from  this  soil,  it  is  still  richer  in  this  substance  than  the  farm- 
land growing  the  permanent  wheat  crop,  which  has  received  14 
tons  of  farmyard  dung  per  acre  every  year  for  the  last  forty-six 
years.  This  experiment  is  highly  interesting,  as  proving  that  it 
is  the  want  of  food  of  the  right  sort  in  our  farm  soils  which  pre- 
vents our  growing  red  clover  more  frequently  upon  them  ;  it  also 
shows  that  a  vast  amount  of  fertility  may  accumulate  in  a  soil 
which  has  been  used  as  a  garden  for  a  very  long  period. 

Upon  some  old  pasture-land  mineral  manures,  but  no 
nitrogen,  have  been  applied  every  year  since  1856.  Und^r 
this  application  the  crop  of  hay  removed  annually  has  been  con- 
siderably larger  than  that  removed  from  the  unmanured  land, 
and  the  effect  of  the  minerals  has  been  largely  to  increase  the 
leguminous  herbage,  so  that  it  constitutes  about  one-fifth  of  the 
whole  crop ;  while  upon  the  unmanured  land  not  more  than  8 
per  cent,  is  leguminous  herbage.  At  the  end  of  twenty  years, 
careful  analyses  of  the  soil  of  both  plots  were  made,  and  it  was 
found  that  the  first  nine  inches  of  the  plot  receiving  the  mineral 
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manares  liad  lost  upon  the  acre  506  lb.  more  nitirogen  than  the 
nnmannred  land;  this  wonld  be  equal  to  the  annual  I068  of 
25*3  lb.  The  analysis  of  the  hay  removed  from  the  two  plots 
showed  that  that  of  the  mineral  plot  contained  23*6  lb.  more 
nitrogen  than  the  hay  of  the  unmanured  plot,  a  quantity  corre- 
sponding very  closely  with  the  greater  loss  of  nitrogen  in  the 
mineral  manured  soU.  Too  much  reliance  must  not,  however,  be 
placed  upon  so  complicated  an  operation  as  soU  analysis,  though 
the  evidence  points  to  the  conclusion  that  the  larger  amount  o£ 
nitrogen  taken  off  the  land  by  the  leguminous  herbage  on  the 
mineral  plot  was  derived  fix>m  the  soil,  and  not  from  tiie  atmo- 
sphere. 

Although  we  found  it  impossible  to  grow  red  clover  year 
after  year  upon  the  same  arable  soil  of  the  farm,  whatever  might 
be  the  amount  or  composition  of  the  manure  applied,  we  found 
no  difficulty  in  growing  other  leguminous  plants  upon  the 
clover-sick  land — the  importance  of  which  fact  is  very  obvious, 
as  it  enables  us  to  continue  removing  large  quantities  of  nitrogen 
in  leguminous  crops  year  after  year,  instead  of  having  to  wait  for 
some  years  until  the  land  will  again  grow  red  clover. 

It  is  evident,  if  the  soil  of  our  arable  fields  is  the  source  of 
nitrogen,  and  the  manures  which  we  apply  to  them  do  not  con- 
tain any,  that,  sooner  or  later,  the  stock  of  nitrogen  in  our  soils 
will  be  greatly  diminished ;  even  to  an  extent  which  may 
eventually  be  measured  by  analysis.  It  is,  unfortunately,  the 
case  that  leguminous  crops,  such  as  lucerne,  sainfoin,  &c.,  which 
carry  off  the  largest  amount  of  nitrogen,  are  also  those  whose 
roots  penetrate  the  deepest  down  into  the  subsoil ;  also,  that 
the  subsoil  of  my  experimental  fields  varies  in  character  so  much, 
even  where  samples  are  taken  with  the  utmost  care,  and  at  no 
great  distance  apart,  that  at  present  any  comparative  measure- 
ments of  the  loss  of  nitrogen  in  the  soil  are  not  to  be  trusted, 
and  the  experiments  must  be  carried  on  for  some  years  more 
before  we  can  expect  to  give  a  satisfactory  answer  to  this 
important  question. 

The  general  results  of  our  experiments  appear  to  show  that 
while  mineral  manures,  especially  those  containing  potash, 
produce  a  large  increase  in  leguminous  crops,  neither  salts  of 
ammonia,  nitrate  of  soda,  nor  rape-cake,  which  furnish  organic 
nitrogen,  appear  to  have  any  decided  influence  upon  them.  This 
indicates  a  very  distinct  difference  in  the  source  from  which  the 
cereal  and  leguminous  crops  obtain  their  nitrogen ;  for,  in  the 
same  field,  and  within  a  few  feet  of  each  other,  nitrate  of  soda 
alone  applied  to  the  cont^uous  barley  crop  has  produced 
an   average  of  33  bushels  per  acre  for  thirty-six  years   in 
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succession.  The  absence  of  effect  upon  the  leguminous  crops 
from  the  application  of  nitrate  of  soda  as  a  top-dressing  is  the 
more  remarkable  as  analyses  of  the  subsoil,  where  lucerne  (the 
roots  of  which  have  penetrated  nine  feet  from  the  surface)  has 
been  growing  for  some  years,  showed  that  considerable  quantities 
of  nitric  acid  had  been  removed ;  while  upon  a  soil  where  white 
clover  had  been  grown,  the  subsoil  below  the  reach  of  the  roots 
was  much  richer  in  nitric  acid  than  it  was  within  the  range  of  the 
roots.  Comparing  these  results  with  those  on  the  adjoining  soil 
and  subsoil,  where  wheat  and  fallow  had  been  under  experiment 
for  many  years,  there  appeared  to  have  been  greater  production 
of  nitric  acid  in  the  soil  where  the  white  clover  had  grown  than 
where  the  wheat  grew ;  and,  at  the  same  time,  the  subsoil  where 
the  lucerne  was  gi-owing  was  poorer  in  nitric  acid  than  the  subsoil 
of  the  white  clover  or  of  the  wheat-land.  In  one  year  as  much 
as  300  lb.  of  nitrogen  per  acre  has  been  taken  off  in  the  lucerne, 
although  the  land  has  received  no  manure  containing  nitrogen 
for  thirty  years ;  while  the  wheat  crop  alternating  with  fallow 
cannot  collect  one-tenth  of  that  quantity. 

It  would  appear  from  these  results,  that  during  the  growth 
and  decay  of  leguminous  crops  considerable  amounts  of  nitrates 
are  formed  and  taken  up  by  the  plants,  but  the  actual  source  of 
these  nitrates  is  not  yet  clearly  established.  One-quarter  of  the 
adjoining  field  has  grown  continuous  barley  crops,  nitrate  of  soda 
being  used  every  year  as  a  top-dressing ;  on  the  other  three- 
quarters  of  the  field  barley  is  also  grown,  but  red  clover  is  occa- 
sionally sown  with  the  barley  upon  one  of  these  quarters,  so  that 
about  once  in  eight  years  each  of  the  three  quarters  has  grown 
red  clover  instead  of  barley.  The  clover  is  made  into  hay,  and 
carried  off,  and  the  barley  which  follows  the  clover  receives  no 
manure.  The  general  result  of  this  is,  that  the  barley  follow- 
ing the  clover  is  quite  as  good  a  crop  as  the  continuous  barley 
manured  with  the  nitrate  of  soda ;  and  although  the  clover  has 
carried  away  very  much  larger  quantities  of  nitrogen  than  the 
barley,  the  first  nine  inches  of  the  clover-soil  shows  by  analysis 
a  considerably  larger  amount  of  nitrogen  than  the  barley-land. 
More  nitrogen  is  carried  off  in  the  clover  than  in  the  barley, 
and  more  nitrogen  is  found  in  the  top  soil  of  the  clover-land 
than  in  that  of  the  barley  ;  and  this  fact  is  quite  in  accordance 
with  the  experience  of  practical  farmers,  though  they  draw  their 
conclusions  from  the  increase  of  the  succeeding  crop,  and  not 
from  analysis  of  the  soil.  We  have  hitherto,  however,  been  un- 
successful in  our  attempts  to  ascertain  if  the  increase  of  nitrogen 
in  the  top  soil  has  been  obtained  by  the  clover  from  the  subsoil. 

Although  an  attempt  to  grow  beans  continuously  in  a  field 
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set  apart  for  that  porpoee  did  not  fai\  so  qnickljr,  or  finom  the 
same  causes,  as  the  experiments  with  red  closer,  still  the  resalt 
of  thirty-two  years'  experience  with  beans  established  the  fact 
that,  under  no  condition  of  manuring  coold  what  might  be 
called  good  agricultoral  crops  be  obtained  year  after  year.  It 
may  be  said  that  my  land  is  not  what  farmers  would  caU  ^'  bean- 
land  ; "  still,  it  is  heavy,  with  a  clay  sabsoil,  and  at  first  it  grew 
good  crops.  The  land,  however,  appeared  to  get  "  tired  "  of  the 
crop,  and  after  thirty-two  years'  trial  we  considered  that  nothing 
more  conld  be  learnt  by  a  continuation  of  this  experiment.  We 
therefore  decided  to  sow  the  field  with  barley  and  red  clover, 
having  previously  sampled  and  analysed  the  soil  of  the  rarioas 
plots  with  great  care.  Speaking  generally,  the  soil  had  lost  a 
good  deal  of  its  original  fertility,  and  both  the  top  soil  and  sub- 
soil were  especially  poor  in  nitric  acid ;  agriculturally,  the  field 
might  be  said  to  have  been  ^'  run  out,"  and  to  have  no  condition 
left  in  it.  The  clover,  which  was  sown  with  the  barley,  was  so 
luxuriant  that  the  growth  of  the  latter  was  greatly  impeded.  The 
leaf  was  remarkable  for  its  beauty,  and  had  a  colour  which  I  had 
never  before  noticed  in  any  ordinary  field  of  clover.  It  was  mown 
for  hay  the  two  following  years,  and  yielded  very  luxuriant  crops. 
Upon  some  portions  of  this  field  no  manure  of  any  sort  had  been 
applied  from  the  commencement  of  the  experiments  in  1848,  and 
in  some  years  the  beans  would  not  return  much  more  than  the 
seed  sown ;  and  yet  upon  this  same  land  very  large  crops  of 
clover  were  grown,  estimated  to  have  removed  281  lb.  of  nitrogen 
per  acre,  while  at  the  same  time  the  nitrogen  in  the  top  soil 
had  largely  increased.  Altogether,  between  the  crop  and  the  soil, 
something  like  500  lb.  of  nitrogen  are  estimated  to  have  been 
obtained  from  some  source  or  other. 

In  1848,  some  acres  of  land  were  set  apart  for  experiments 
upon  a  rotation  of  crops.  Part  of  this  land  has  been  kept 
entirely  without  manure,  another  part  has  received  a  mineral 
manure,  and  a  third  part  has  been  highly  manured  with  minerals, 
salts  of  ammonia,  and  rape-cal£e.  The  ordinary  four-course 
rotation  of  tamips,  barley,  clover,  and  wheat,  has  been  followed 
upon  one-half  of  the  experiment ;  and  upon  the  other  half  the  same 
crops  have  been  grown,  only  excluding  the  leguminons  crop, 
instead  of  which,  a  summer  fallow  has  been  taken,  one  of  the 
main  objects  of  these  experiments  being  to  ascertain  the  influence 
of  a  leguminous  crop  upon  the  other  crops  in  a  rotation  as  com- 
pared with  a  fallow.  As  it  was  found  impossible  to  make  the 
clover  crop  grow  every  fourth  year,  beans  were  substituted 
for  it.  Although  we  are  now  in  the  middle  of  the  eleventh 
rotation,  we  are   not    yet  able   to   give   the   information   we 
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are  seeking  with  regard  to  the  influence  of  the  leguminoas 
crop,  but  some  very  valuable  knowledge  has  been  obtained. 
Altogether,  six  bean  crops  and  four  crops  of  red  clover  have  been 
grown.  Comparing  the  wheat  which  followed  the  beans  with 
that  which  followed  the  fallow,  it  may  be  said  that  the  latter  was 
the  better  crop ;  and,  the  better  the  season  for  wheat,  and  the 
larger  the  general  yield,  the  greater  was  the  superiority  of  the 
fallow  wheat.  This  was  clearly  shown  in  the  year  1863,  when 
the  wheat  crop  was  one  of  the  largest  ever  grown  in  this  country. 
The  following  table  gives  the  produce  of  the  wheat  after  a 
Bummer  fallow  and  after  a  bean  crop  : 

Bushels  per  acre 


Unznanured     Mineral  manures     Highly  manured 

After  fallow         ...    46  46  62^ 

After  beaDS  ....    84  84f  46 

Fallow  more  than  beans        .11  11|  6^ 

This  was  the  sixteenth  year  of  the  experiment,  during 
which  period  the  whole  of  the  crops  grown  upon  the  land 
had  been  carried  away.  As  we  know  with  something  like 
certainty  that  the  yield  of  a  wheat  crop  depends  greatly  upon 
the  amount  of  nitric  acid  at  its  disposal  in  the  soil,  it  appears 
probable  that  the  large  increase  of  the  wheat  crops  upon  the 
fallow-land,  compared  with  the  bean-land,  was  due  to  the  beans 
having  taken  up  nitric  acid  from  the  soil.  In  1871,  the  wheat 
crop  was  as  bad  as  that  of  1863  was  good.  The  yield,  upon  the 
nnmanured  land  after  fallow  was  1 1^  bushels  per  acre ;  after  beans, 
20^  bushels.  Upon  the  land  receiving  minerals  after  fallow  it 
was  16  bushels  ;  and  after  beans,  24  bushels.  The  season  was 
very  wet;  and  though  we  may  assume  that  a  large  amount 
of  nitric  acid  was  washed  out  of  both  the  bean-  and  fallow-lands, 
the  wheat  upon  the  bean-land  was  benefited  by  the  nifcrification 
of  the  crop-residue  of  the  beans,  which  would  take  place  during 
the  spring  and  summer. 

It  is  somewhat  remarkable  that,  upon  land  which  has  received 
no  manure  for  forty  years,  and  from  which  the  whole  produce 
upon  it  has  been  carried  away,  the  average  of  ten  crops  of 
barley  has  been  30  bushels,  and  of  wheat,  28^  bushels.  While, 
therefore,  grain  crops  can  manage  to  find  sufficient  food  in  the 
soil  to  grow  well,  none  of  the  so-called  "restorative"  crops 
could  thrive.  The  turnips,  after  the  first  crop  had  been  carried 
off,  were  little  larger  than  radishes,  and  the  next  nine  crops 
were  valueless.  The  beans  gave  only  12  bushels  per  acre,  while 
the  clover  in  1874,  cut  three  times,  only  yielded  1;^  tons  of  hay, 
although  no  clover  had  been  grown  upon  the  land  for  twenty- 
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three  years ;  the  land  which  had  been  highly  manured  every 
foorth  year  giving  3^  tons  of  hay  per  acre.  The  wheat  after 
the  clover  upon  the  unmanured  land  was  a  worse  crop  than 
that  after  the  fallow. 

From  these  results,  it  would  appear  that  the  roots  and  legumi- 
nous crops  which  we  alternate  with  our  com  crops  are  in- 
ferior to  them  in  their  capacity  to  collect  their  food  from  an 
ur manured  soil;  but  when  food  is  abundant,  they  have  far 
greater  power  to  make  use  of  it  than  the  cereal  crops.  In  the 
22  tons  of  swedes  grown  in  1880,  and  in  the  4  tons  of  clover- 
hay  grown  in  1882  upon  the  manured  rotation  plot,  much  larger 
amounts  of  nitrogen  and  minerals  would  be  found  than  in  a 
cereal  crop.  The  application  of  a  mineral  superphosphate  of 
lime  to  the  root  crop  every  fourth  year  produced  a  very  marked 
effect.  The  last  ten  crops  of  unmanured  swedes  were  unable  to 
produce  a  bulb,  while  the  employment  of  superphosphate  gave 
a  produce  of  7  or  8  tons  per  acre;  the  influence  of  the 
superphosphate  was  also  very  decided  upon  the  clover  crop, 
but  not  upon  the  beans.  With  regard  to  the  main  question, 
How  far  the  mineral  manure  had  enabled  the  leguminous  plants 
to  obtain  their  nitrogen  from  the  atmosphere  rather  than  from 
the  soil,  there  is,  however,  at  present  no  available  evidence. 
The  average  of  ten  crops  of  wheat  following  fallow,  and  of  ten 
following  a  leguminous  crop,  was  identical — not  quite  33  bushels 
per  acre.  Very  careful  samples  of  soil  have  been  taken  at  dif- 
ferent times  from  all  the  experimental  plots,  and  analyses  have 
been  made  of  the  total  nitrogen  in  them,  and  also  of  the  nitric 
acid ;  but  although  the  results  are  of  considerable  interest,  they 
do  not  show  distinctly  the  differences  we  should  expect  to  find 
in  a  soil  which  has  not  grown  a  leguminous  crop  for  so  many 
years,  and  one  which  has  grown  it  every  fourth  year. 

Samples  of  soil  taken  to  the  depth  of  27  inches  after 
a  summer  fallow  gave  considerably  more  nitric  acid  than 
similar  samples  taken  from  the  land  which  had  grown  red 
clover ;  this,  however,  by  no  means  proves  conclusively  that  the 
clover  had  taken  nitric  acid  from  the  soil,  for  more  nitric  acid 
might  have  been  liberated  in  the  fallow  ground  than  in  the 
clover  ground.  That  food  of  some  sort  suitable  to  leguminous 
plants  is  accumulating  in  the  fallow  ground  is  shown  by  the 
difficulty  we  have  in  keeping  them  from  growing  on  this  ground : 
trefoil  will  come  up,  in  more  or  less  quantities,  in  the  barley  crop, 
where  we  cannot  get  at  it ;  but  two  years  out  of  the  four,  in  the 
fallow  and  in  the  turnip  crop,  not  a  plant  is  allowed  to  grow. 
It  creeps  along  the  ground,  and  ripens  its  seed  before  the  barley 
is  cut,  remaining  dormant  in  the  soil  until  the  next  com  crop 
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comes ;  and  it  has  the  same  tendency  to  spread  over  the  perma- 
nent wheat-  and  barley-gronnd.  This  fact,  taken  in  connection 
with  the  luxuriant  growth  of  the  clover  upon  the  field  where 
the  bean  experiments  had  been  carried  on,  seems  to  indicate  the 
formation  of  some  compound  in  the  soil  of  which  we  are  still 
ignorant,  but  which  serves  as  food  for  leguminous  plants.  It  is 
evident  that  this  subject  opens  a  wide  field  for  special  investiga- 
tion, and  it  is  fortunate  that  we  possess  samples  of  soil  taken 
with  great  care  from  our  various  experimental  fields  at  different 
periods,  the  history  of  which,  in  regard  to  the  manures  applied 
and  the  produce  removed,  has  been  recorded  for  a  long  series  of 
years. 

Although  I  have  only  referred  to  the  experiments  of 
Hellriegel  upon  the  fixation  of  nitrogen  by  leguminous  plants, 
and  the  repetition  of  these  experiments  by  ourselves,  numerous 
others  upon  the  same  subject  have  been  carried  out,  in  France, 
Germany,  and  the  United  States,  which  appear  to  prove  that 
soils  without  vegetation  fix  large  quantities  of  nitrogen ;  and 
also  that,  in  those  soils  where  plants  not  of  the  leguminous  order 
have  been  grown,  still  more  nitrogen  is  fixed.  As  a  deduction 
from  all  these  experiments,  it  has  been  argued  that  compensation 
must  exist  somewhere,  otherwise  the  human  race  would,  sooner 
or  later,  starve,  owing  to  the  exhaustion  of  the  soil.  If  we 
accepted  this  idea,  we  should  have  to  ignore  the  results  of  the 
last  fifty  years'  experiments,  and  go  back  to  the  view  expressed 
long  ago,  that  plants  can  obtain  all  the  nitrogen  they  require 
from  the  atmosphere,  provided  they  are  furnished  with  sufficient 
mineral  food.  As  far  as  regards  agricultural  land  under  our 
ordinary  grain  or  root  crops,  we  have  no  evidence  to  show  that 
the  soil  or  the  plant  derives  any  appreciable  amount  of  nitrogen 
from  the  atmosphere,  beyond  what  is  furnished  by  rain  or  dew. 
Where  all  artificial  supplies  of  nitrogen  in  manures  have  been 
withheld  for  between  forty  and  fifty  years,  and  an  abundance  of 
minerals  has  been  furnished,  the  yield  of  the  crops  is  now  so 
small,  and  the  amount  of  nitrogen  which  they  carry  away  bears 
so  small  a  proportion  to  the  quantity  stored  up  in  the  soil  within 
reach  of  their  roots,  that  any  exact  comparison  of  the  ni);rogen 
carried  off  in  the  crops,  and  washed  out  of  the  soil  by  drainage, 
with  the  loss  of  nitrogen  in  the  soil  as  determined  by  direct 
analyses,  is  hardly  possible ;  but,  as  far  as  we  can  judge,  the  soil 
has  lost  about  as  much  as  the  crop  and  drains  have  removed. 

Turning  again  to  the  experiments  on  leguminous  crops,  we 
have  in  the  garden  soil  evidence  that  red  clover  takes  very  large 
quantities  of  nitrogen  from  the  soil — in  fact,  most  probably  the 
whole  which  the  crop  contains.     On  the  other  hand,  we  have  the 
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experiment  of  sand  containing  no  nitrogen,  but  sapplied  with 
minerals,  and  with  a  very  minute  quantity  of  nitrogen  taken 
from  a  fertile  soil,  where  leguminous  plants  have  increased  con- 
siderably in  nitrogen.  Interesting  as  these  experiments  ore, 
they  fail  to  explain  the  behaviour  of  leguminous  crops  in  an 
ordinary  agricultural  soil.  My  garden  soil  is  far  higher  in 
fertility  than  any  which  a  farmer  is  likely  to  cultivate,  unless 
he  happens  to  farm  one  of  the  black  soils  of  Russia ;  and  he  could 
not  afford  to  cultivate  a  sand  free  from  all  vegetable  matter  and 
nitrogen,  such  as  was  used  in  the  pot  experiments.  From  the 
opposite  results  obtained  in  the  garden  soU  and  in  the  sand,  are 
we  to  assume  that  the  power  of  leguminous  plants  to  obtain 
nitrogen  from  the  atmosphere  is  dependent  upon,  and  in  propor- 
tion to,  their  inability  to  obtain  it  in  suflScient  quantity  from 
the  soil ;  and  that  it  is  only  as  soils  become  more  and  more  ex- 
hausted of  their  fertility  that  this  restorative  process  comes  into 
force  ? 

It  is  exceedingly  difficult  to  account  for  the  large  crops  of 
clover  grown  upon  the  unmanured  bean-land.  The  amount  of 
nitrogen  taken  up  by  the  crop  was  very  great,  but  it  must  not 
be  forgotten  that  the  quantity  of  mineral  matter  taken  up  was 
very  much  larger,  as  we  may  consider  that  the  proportion  in 
the  clover-plant  is  about  four  parts  of  minerals  to  one  of 
nitrogen.  These  minerals  must  have  come  from  the  soil,  and 
must  have  accumulated  there,  in  some  form  available  for  the 
clover,  during  the  period  when  beans  were  grown  upon  the  land. 
Whether  at  the  same  time  some  compounds  of  nitrogen  suitable 
for  the  clover  were  also  formed  we  have  no  evidence  to  show. 
An  attempt  to  grow  red  clover  last  year  where  it  was  grown 
four  years  previously  failed  upon  all  the  rotation  experiments. 
We  did  succeed  in  growing  it  in  1886,  after  we  had  grown  a 
large  crop  in  1882  ;  but  in  the  latter  year  there  was  a  good 
deal  of  disease  in  the  crop  upon  the  highly-manured  land,  but 
none  on  the  land  which  received  only  mineral  manures. 

From  what  I  have  said,  it  must  be  apparent  that  our  know- 
ledge at  present  of  this  important  subject  does  not  go  beyond 
the  facts  that  leguminous  plants  take  nitrogen  in  large  quanti- 
ties from  the  soil,  and  that,  under  special  conditions,  they  can 
obtain  it  from  the  atmosphere  through  the  agency  of  micro- 
organisms ;  but  we  have  no  evidence  to  show  that  they  do  so 
when  grown  in  the  ordinary  course  of  agriculture.  The  most 
probable  means  by  which  a  solution  of  this  problem  can  be 
arrived  at,  is  to  grow  leguminous  crops  upon  ordinary  agricul- 
tural land  with  a  liberal  supply  of  mineral  manures ;  in  the 
course  of  time,  the  stock  of  nitrogen  remaining  in  the  soil  must 
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decide  the  question  one  way  or  the  other.  It  is  very  fortunate 
that  so  large  an  area  in  our  various  experimental  fields  has 
been  kept  free  from  all  nitrogen  in  manures,  and,  had  we  known 
that  land  which  had  become  "  clover-sick  "  would  grow  other 
leguminous  plants  perfectly  well,  we  should  not  have  wasted 
twenty  years  in  the  hopeless  attempt  to  grow  clover,  and  we 
should  have  been  in  advance  of  our  present  position  by  the 
same  period. 

At  the  beginning  of  this  paper  I  made  a  few  remarks  upon 
the  position  of  agricultural  science  at  the  time  of  the  publica- 
tion of  the  first  number  of  the  Journal  of  the  Royal  Agricultural 
Society.  Mr.  Bham,  in  his  prize  essay,  considered  humus  to  be 
the  chief  source  of  fertility  in  soils;  it  is  quite  as  much  so  now 
as  it  was  then.  He  also  said  it  was  a  complex  substance,  which 
should  occupy  the  attention  of  chemists ;  and  it  has  been  the  sub- 
ject of  investigations  by  them.  It  may  now  be  desirable  to  pass 
in  review,  very  shortly,  the  knowledge  we  have  acquired  regard- 
ing the  food  of  our  agricultural  crops.  Humus  (in  which  term 
I  include  all  vegetable  matter  in  a  certain  state  of  decay)  is  very 
insoluble  in  water ;  but  sooner  or  later,  it  assumes  the  form  of 
nitric  acid,  which  combines  with  lime  or  other  alkaline  substances 
in  the  soil,  and  then  becomes  very  soluble  in  water.  These  com- 
pounds rise  and  fall  with  the  water  in  the  soil,  coming  to  the 
surface  in  dry  weather,  and  passing  into  the  drains,  in  the  absence 
of  growing  vegetation,  in  wet  weather.  When  a  crop  is  in  the 
full  vigour  of  growth,  the  soil-water  may  contain  no  nitrates,  the 
crop  having  taken  then  all  up ;  but  at  all  other  times  the  soil- 
water  contains  more  or  less  nitrates.  Being  soluble  in  water,  and 
entering  into  no  combination  with  the  soil,  nitrates  cannot  accu- 
mulate. Each  year  fresh  nitrates  are  formed  from  the  decomposi- 
tion of  the  humus,  the  fertility  of  land  depending  largely  upon 
the  amount  of  nitric  acid  liberated  every  year.  What  we  call 
*'  condition,"  is  so  much  added  to  the  stock  of  organic  matter, 
which  in  the  course  of  a  few  years  is  decomposed,  yielding  nitric 
acid  and  mineral  substances. 

It  appears  probable  that  our  grain  and  root  crops  take  up 
the  greater  portion,  or,  perhaps,  the  whole  of  their  nitrogen,  in 
the  form  of  nitrates,  and,  provided  the  necessary  mineral  food  is 
in  the  soil,  the  growth  of  these  crops  depends  upon  the  amount 
of  nitric  acid  which  is  available.  The  great  value  placed  upon 
nitrate  of  soda  as  a  manure  for  com  crops  is  a  sufficient  proof 
that  the  necessary  amount  of  mineral  food  exists  in  the  soil. 
The  main  object  of  agriculture  is  to  produce  crops  which  yield 
large  quantities  of  starch  or  sugar.  In  Great  firitaiu,  wheat, 
barley,  oats,  and  potatoes  yield  the  starch,  and  the  root  crops 
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the  sugar ;  in  other  conntries  additional  crops  are  grown,  snch 
as  rice,  maize,  sugar-cane,  sugar-beet,  &c. ;  and  it  may  be  said 
that  the  amount  of  starch  or  sugar  which  we  are  able  to  produce 
upon  a  given  area  of  laud,  depends  greatly  upon  the  amount  of 
nitric  acid  which  the  crop  can  obtain  from  the  soil.  Mineral 
substances,  however,  are  quite  as  essential  to  the  growth  of  a 
crop  as  nitrogen,  and,  amongst  these,  phosphoric  acid  and  potash 
are  of  the  greatest. importance.  Lime  is  largely  taken  up  by 
some  crops ;  and  where  potash  is  deficient  and  soda  is  abundant, 
the  latter  substance,  although  it  cannot  take  the  place  of  potash 
in  its  most  important  functions,  can  at  all  events  aid  in  promot- 
ing the  growth  of  crops. 

It  is  extremely  important  to  understand  clearly  the  capacity 
of  our  crops  to  obtain  a  supply  of  mineral  food  fix)m  the  soil. 
In  our  four-course  rotation,  which  has  been  kept  entirely  with- 
out manure  for  forty  years,  ten  crops  of  wheat  and  ten  of 
barley,  grown  in  a  rotation  with  swedes  and  a  leguminous  crop, 
have  given  an  average  yield  of  28  bushels  of  wheat  and  30 
of  barley.  Each  of  these  crops  would  carry  off  every  year  15 
to  20  lb.  of  phosphoric  acid ;  that  is,  as  much  altogether  as 
would  be  equal  to  600  or  700  lb.  of  phosphate  of  lime.  Between 
each  crop  of  wheat  and  barley  swedes  are  sown,  but  no  bulbs  will 
form,  and  the  produce  is  only  a  few  hundredweights  per  acre. 
It  is  evident  that  this  crop  cannot  take  up  phosphate  of  lime 
from  an  unmanured  soil,  and  that  the  growth  of  the  swedes  was 
arrested  from  the  want  of  phosphates,  and  not  from  that  of  other 
substances,  as  the  application  of  a  mineral  phosphate  in  the  ad- 
joining experiment  was  sufficient  to  produce  a  fair  crop.  Liebig 
suggested  that  the  extension  of  the  growth  of  root  crops  in  Great 
Britain  was  due  to  a  want  of  sufficient  phosphates  in  the  soil 
to  grow  more  com  crops,  analysis  having  shown  that  root  crops 
contain  less  phosphates  than  com  crops.  At  the  time  Liebig 
wrote,  the  capacity  of  one  crop  to  take  an  important  food  from 
the  soil,  and  the  inability  of  another  crop  to  take  it,  was  alto- 
gether unknown. 

,  When  we  consider  that  cereal  grain  crops  furnish  by  far 
the  largest  amount  of  food  to  the  whole  human  race,  we  cannot 
but  recognise  how  essential  is  the  power  which  they  possess — 
first,  of  obtaining  so  large  an  amount  of  their  food  from  an  ordi- 
nary unmanured  soil,  and,  secondly,  of  growing  continuously 
upon  the  same  soil — neither  of  which  properties  is  possessed  by 
the  other  crops.  The  difficulty  which  root  crops  have  of  obtain- 
ing mineral  food  from  the  soil,  has  led  to  the  idea  that  they  are 
not  dependent  upon  the  soil  for  a  supply  of  nitrogen,  but  can 
obtain  it  from  the  atmosphere.    There  is,  however,  every  reason 


